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INTRODUCTION 
No specific attempt has been made in Iowa to correlate 
soil acidity and related phenomena to soil forming factors or 
to soil sequences based on these factors. It is the major 
purpose of this study to explore the relationship, changes, 
intensities, and amounts of soil acidity and exchangeable 
aluminum in a variety of Iowa loess soils. Because loess 
changes in a regular, systematic and often predictable manner, 
thereby reducing unknown variations due to parent material 
effect, it was selected for study. Specific problem areas 
investigated include: (1) regional changes due to differences 
in profile development; (2) biosequence changes due to en­
croachment of forests on prairies; and (3) landscape changes 
due to positional and drainage variations. 
The following objectives delineate the boundaries and 
approaches to this research: 
1. Determine the amount and profile distribution of 
acidity in Iowa loess soils; compare acidity data to 
the chemically reactive soil elements of total carbon 
and clay. 
2. Using a regional model based on soil forming factors 
and established soil series, characterize series or 
sequences of series in terms of the pH activity, 
exchange acidity (EA), and exchangeable aluminum 
(Ex Al). 
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3. Using specific landscape models from selected areas, 
test change in soil acidity and Ex A1 due to native 
vegetation and landscape position. 
4. Compare landscape transects of different counties 
from the selected areas. Determine if positional 
influences can "be differentiated by soil acidity 
data. 
5. Compare available phosphorus (AP) (Bray 1) with 
acidity measures in selected strongly acid profiles 
to determine if an interaction between acidity or 
aluminum and phosphorus is observable. 
The secondary consideration of this study is to appraise 
the use of soil acidity measures as criteria for classifica­
tion and soil genesis interpretation. Although measurements 
of soil acidity have had wide use for agricultural purposes 
in Iowa (especially in determining lime requirements), they 
have not been utilized for classification purposes. Before 
any criterion can be used in classification and soil genesis 
studies, it must be readily determinable by economical and 
accepted procedures. The measurement of soil acidity involves 
either determining the acitivty of the hydrogen ion (pH) or 
determining the quantity of alkali needed to titrate the 
soil to a given arbitrary end point (exchange acidity), both 
processes being easily and economically performed by standard 
procedures. The measurement of Ex A1 is also an easy and 
rapid standard procedure. Therefore, if found to be 
3 
diagnostically sound for soil classification, these tests 
may have valid application for differentiating soils at the 
series level. 
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LITERATURE REVIEW 
Soil Acidity Development 
Climate and weathering influences on soil acidity 
Acidity development in soils depends on a variety of 
poorly understood factors as pointed out "by Jenny (1961b) in 
his paper "Reflections on the soil acidity merr;--go-round". 
Increased acidity has been associated with increases in the 
following: precipitation, leaching, weathering, hydrolysis, 
organic matter, nitrification, fertilizer application, oxida­
tion of sulfides, root uptake of ions, and more. Basic to 
acidity development, however, is the need for infiltration of 
precipitation to exceed evaporation. No acidity is usually 
developed unless this criterion is met (Chernov, 19^ 7; 
Prescott, 1949). 
Testing certain hypotheses of soil genesis in relation 
to climatic factors, Jenny and Leonard (193^ ) examined changes 
in pH, EA, and depth to carbonates along with other data on a 
series of soils following the 11°C isotherm in central U.S.A. 
This type of transect reduces the temperature effect of climate 
and concentrates on the differences due to precipitation. The 
transect started in arid Colorado, extended through Kansas 
and into the more humid Missouri. Rainfall progressively in­
creased from west to east along this transect. The soil pH 
gradually decreased as a direct function of increased rainfall. 
A soil pH of about 8.0 was observed in the calcareous soils on 
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the western end of the transect. The annual rainfall was 
less than 16 inches. In east-central Kansas the rainfall had 
increased to around 25 inches per year, and the depth to car­
bonates was greater than two feet. The soil pH was 6.7 to 
6.8 in the surface horizon with trace amounts of EA. The trend 
of increasing EA, annual rainfall, and depth to carbonates with 
decreasing pH continued along the transect into Missouri. Be­
cause of the close proximity, these changes can also be ex­
pected across Iowa. Wells and Riecken (I969), Protz and 
Riecken (1968), and Foth and Riecken (195^ ) present data that 
strongly suggest a close relationship of increasing acidity 
with increasing rainfall in Iowa. 
Precipitation water, once it moves into the soil, reacts 
with soil minerals and biotic products to increase acidity, 
assuming good internal drainage with no restriction to down­
ward movement. The mechanisms usually are oxidation and 
hydrolysis. Some of the resulting products of these reactions 
are removed from the soil by leaching. Most bases in a soil 
are initially combined in an alumino-silicate such as albite. 
Because most of these bases are quite strong and tend to 
dissociate easily, and alumino-silicates act as a weak acid 
with weak dissociation, the initial pH in pure water with 
these minerals is alkaline. Hov/ever, as this ionic exchange 
in water continues to occur, the bases are progressively re­
moved in solution (Millott (1970, p. 70). A renewed supply of 
water is necessary for continuation of base release because 
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solubility equilibrium of the bases between the solution and 
crystal is quickly established; these bases need to be leached 
away to continue the reaction. Frederickson (1951) studied 
mechanisms of hydrolysis and solution of albite in water. 
On the surface of albite, exposed oxygens with unneutralized 
negative charges exist. Water adheres to the crystal surface 
like a film but has many of the rigid attributes of a solid 
like ice. V/ater being a dipole orients the positive poles 
tov/ard the crystal surface. The negative poles are pointed 
outward and a loose ice-like hydrogen bond structure is built 
outward. With increasing distance from the crystal surface, 
water becomes less viscous and the bond is weaker. At the 
interface between albite and water an exchange of H for Na 
begins. No H exists in the crystal lattice and no Na exists 
initially in the water, creating an osmotic pressure gradient 
which pulls the H in and Na out. If the lattice bonds are 
broken, H ions will diffuse inward and the Na will diffuse 
out to the water. If water is replenished (leaching) before 
equilibrium of Na in solution and in the lattice is estab­
lished, a net loss of Na and gain of H in the crystal occurs. 
The removal of Na by H is facilitated by the small size of the 
H ion. Oxygen has a lower affinity for the larger Na because 
the distance is larger between charges in the Na-0 bond com­
pared to the H-0 bond (Coulomb's Law). Because of size and 
charge strength differences, the release of Na ions creates 
a surface distortion and ultimately a structural collapse. 
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Similar cationic reactions occur to most other weatherable 
primary and secondary minerals if optimum environmental condi­
tions are present. Hydrolysis is ameliorated by climatic 
conditions, such as rainfall, conducive to eluviation and 
organic acid production (Millott, 1970, p. 67). 
McClelland (1951) found that the rate of base release is 
a function of mineral type, ion type in the same mineral, and 
particle size; the larger the amount of specific surface ex­
posed, the more rapid the base release by hydrolysis. He also 
observed a decrease in base release with time as products of 
weathering accumulation. Translocation may remove these 
products and allow hydrolysis to continue in forest soils. 
McClelland also observed that H ions on colloids increase the 
rate of base release. This acid attack and increased hydroly­
sis and base release is central to acidity development and 
weathering. It must occur before large amounts of acidity 
can be stored on clay mineral surfaces. 
Siotic influences on soil acidity 
Biotic activities, creating rapid organic decomposition 
producing carbon dioxide or organic acids, increase soil 
acidity. In hydrolysis, if, instead of pure water, the water 
contains dissolved organic and carbonic acids from plant 
materials, the solution of bases is accelerated. Carbonic 
acid is a weakly dissociated acid produced by the solution of 
carbon dioxide in water; 
8 
HgO + CO2 = HgCOj = H+ + HCO^ 
The COg originates from various sources especially oxidation 
of plant tissue, root respiration, and microbe respiration. 
Many cations are readily soluble by bicarbonates and are 
thereby removed from the soil profile by leaching. Carroll 
(1970) describes this process as the most important process in 
the formation of karst topography by limestone solution. 
Carroll (1970) also points out that these solutions of carbonic 
acids probably do not exceed 0.002 M HgCO^  in concentration. 
Correns (I961) demonstrated that carbonic acid can decompose 
smectite and release A1 from the octahedral sites. Jackson 
(1963) states that carbonic acid may be important in the pH 
5.2 to 8.0 range, but probably is not operative at lower pH 
levels because of restricted dissociation. With their high 
amount of organic matter and the large amount of crop residue 
returned each year, Iowa soil waters are highly charged with 
carbonic acid. 
Jenny (1957) hypothesized that plant root excretion of 
carbonic acid may cause release of exchangeable bases through 
bicarbonate solution, and may also increase soil acidity 
through withdrawal of bases into the plant. Ultimately such 
a process depletes the B horizon of bases while enriching the 
upper A horizon by plant residues from foliar dieback or 
annual leaf fall. During this process, as in hydrolysis, the 
leaching water needs to be replenished for base removal to 
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continue because equilibrium is quickly reestablished between 
bases in soil and solution. Williams and Jenny (1952) in a 
lab experiment leached a column of K saturated soil with car­
bonic acid. Using the amount of K extracted as a reference 
they observed that only the volume of leachate had a high 
positive correlation. Rate of flow of soil water and the 
thickness of the soil column were not correlated with the 
amount of K extracted. 
Organic acids such as humic acids and especially fulvic 
acids also play a role in lov/ering the pH in soils. These 
acids lower the soil reaction simply by existing in the soil. 
Huang and Keller (1970) composed solutions of organic acids, 
pure water, and carbon dioxide charged water. They found that 
Si, Al, Fe, Ca, and Mg were more soluble in the organic acid 
solutions than in either pure water or COg charged waters. 
Kodama and Schnitzer (1973) extracted fulvic acids from 
spodic horizons of some acid eastern Canada soils and used the 
acid to determine the effect on Fe and Mg clay minerals. The 
fulvic acid was twice as effective as dilute HCL in altering 
the Kg rich minerals; fulvic acid was 5 times more effective 
than dilute HCL in altering the Fe rich minerals. The Fe rich 
mineral v/as altered times more than the Mg rich mineral 
using fulvic acid for both. All three elements (Al, Fe, and 
Kg) are dissolved or altered rapidly when subjected to fulvic 
acid conditions. 
Kononova (I966) emphasizes the relative amounts of fulvic 
10 
compared to humic acids found in Chernozem soils and forested 
podzolic soils. The grassland soils have far more humic than 
fulvic acid but the inverse is true of the forested soils. 
Quoting from the work of Tyurin she states that most of the 
organic matter in the Chernozems originates from plant root 
residues and maximum amounts are observed in areas with cli­
mates consisting of a moist spring and a drier summer. As the 
summer desiccation period shortens by increases in rainfall 
frequency or with shading by trees, hydrolysis of the organic 
matter dominates and destroys much of the soil organic matter. 
Under such conditions fulvic acids predominate over humic 
acids. Wilde (1958) states that the specific plant root 
materials (lignins and proteins) found in grasses will convert 
more easily to humus than the leaf and root material found in 
deciduous trees (cellulose and hemi-cellulose). The later 
materials oxidize readily to soluble organic acids (fulvic) 
and carbon dioxide which increases chemical weathering. The 
contrast in organic matter types and organic acids can be 
expected to create differences in Iowa soils in biosequences. 
The forest soils probably have fulvic acids which dissolve 
cations more readily. 
Microbiotic activity is known to produce carbonic acid and 
other organic acids from organic matter (Black, I968). Micro­
biotic activity also aids in converting nitrogenous compounds 
to nitrates which ultimately make nitric acid, and sulfurous 
compounds to sulfates which ultimately make sulfuric acid 
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(Pierre, 1927, 1928). The nitrogen may have natural sources, 
such as plant and animal remains or nitrogen fixing bacteria, 
or it may have artificial sources, such as fertilizers. 
Black (1968, p. 309) points out that one mole of ammonium 
nitrate produces two moles of nitric acid by nitrification. 
Crocker and Major (1955) working in recently deglaciated 
and initially calcareous soils observed that organic matter 
and nitrogen contents increased rapidly in soils under alder 
vegetation resulting in a drop in pH from 8.2 to 5*0 during 
the 40 years after déglaciation. Under willow, the pH dropped 
only from 8.2 to 7.5 during the same time period. Ugolini 
(1968) working in the same area observed similar soils and 
noted that identifiable A1 horizons had developed by that 
time. Crocker and Major estimated that nitrogen increased at 
an approximate rate of 55 pounds/acre/year for the first 80 
years. Alder has nitrogen fixing bacteria nodulated on its 
root system similar to certain legumes. The drop in pH 
correlates well with the amount of nitrogen added to the soil. 
Ugolini believes that the soil acidity can be attributed to 
soil organic matter. However, this does not account for the 
difference between willow and alder as both increase the 
organic matter, but only alder increases the nitrogen. 
Further supporting evidence indicating that nitrogen increases 
acidity lies in the study of Franklin et al. (1968) comparing 
the chemical properties of sites under red alder and Douglas 
fir. The red alder sites had significantly more nitrogen and 
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organic matter. Under red alder stands, the pH was lower, 
averaging 4.3, than under douglas fir stands, which averaged 
5.3. It may be that some Iowa prairie soils show this rela­
tionship by having higher A horizon EA than related forest 
soils. 
Role of cation and anion adsorption in soil acidity 
A possible relationship exists between EA and CEC. For 
a given pH it is evident that more EA is associated with a 
large CEC. Some of this CEC may be pH dependent, as Schofield 
(1950) conclusively demonstrated. Black (I968, p. 277) out­
lines several lines of evidence illustrating that much pH 
dependent CEC originates from organic matter exchange sites. 
McLean et al. (I965) found nearly all pH dependent CEC in 
surface soils associated with organic matter, pH dependent 
cation exchange is due to weak acid bonds known to buffer pH 
(Black, 1968). In Iowa prairie soils which are high in organic 
matter, the pH dependent cation exchange may create a strong 
buffer against pH change. 
McLean et al. (1965) also observed that A1 can be bound 
in nonexchangeable forms, or at least hindered from becoming 
exchangeable, by this organic matter. After hydrogen peroxide 
removal of organic matter, some A1 did become exchangeable. 
The mechanism for pH dependency is weak acid dissociation of 
ions created by bonds that are covalent at low pH and ionic 
at higher pH values. 
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The clay minerals can react chemically with the organic 
matter (Black, I968, p. 226). Schnitzer and Khan (1972) list 
three mechanisms by which this can happen: (1) anionic ex­
change, (2) ligand exchange, and (3) hydrogen "bonding. The 
last is important in chemical stabilization of aggregates but 
is not germane to this discussion. 
Anionic exchange possibly can result from a polyvalent 
ion such as Ca"*"^  or Al^  ^on mineral surfaces bridging between 
the mineral particle and an organic particle (Greenland, 1971). 
Ex A1 apparently adsorbs more strongly than any of the other 
common cations. The cationic bridge involves replacement of 
a water molecule from the hydrated shell of the Al-hydroxyl 
ion by an oxygen of the anionic group of the organic matter. 
These types of organic-clay complexes are displaced by leach­
ing with unbuffered highly dissociated salts such KCl. Green­
land (1971) through his "ligand exchange" mechanism explains 
the occurrence of organic acid complex adsorption on clay 
mineral surfaces which are not displaced by salts of the KCl 
nature. Also these complexes are uneffected by electrolyte 
concentration. However, pH does influence the strength of 
the bond. This type of bonding is associated with polymerized 
Fe and A1 hydroxides. In this type of adsorption the anion 
penetrates the coordination shell of the trivalent atom and 
thus is incorporated with the surface hydroxyl layer. Green­
land (1971) states further that maximum adsorption should 
occur close to pH 5 since most carboxyl groups of humic acids 
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have pK values around this pH. For fulvic acids a pH of 4.5 
appears to "be near the maximum adsorption (Schnitzer and Khan, 
1972, p. 259). This type of adsorption has two important con­
sequences: (1) the bonding ties up aluminum in nonexchangeable 
forms and (2) these bonds tend to form a buffer in the soils 
at the maximum adsorption level of approximately pH 5'0 
(Greenland, 1971; Schnitzer and Khan, 1972). Since ligand 
exchange can tie up A1 in nonexchangeable forms, it may be an 
important factor of soil acidity in A horizons of all Iowa 
soils. 
Role of aluminum in soil acidity 
Another inorganic source of soil acidity is hydrolysis 
of soil minerals producing alumina and silica products and 
the removal of bases by solution. The relationship of A1 to 
soil acidity is derived from this type of weathering process 
(Chernov, 1947; Jackson, 1963). Jackson (I963) during his 
discussion on A1 bonding used the chemical bonding principles 
developed by Linus Pauling to derive the strength of the 
various ionic monomers of Al. At pH values higher than 4.5 
A1 tends to precipitate in place, and the di- and mono-valent 
forms of Al are quite insoluble. Monomeric aluminohexahy-
dronium ions (trivalent), however, are soluble at lower pH 
values. With certain exceptions creation and maintenance of 
pH levels below 5»2 is due to this trivalent hydrated Al ion. 
Because monomeric silicic acid does not dissociate enough to 
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maintain itself in highly acid conditions, it will doubtfully 
be found in these conditions. Also silicic acid is anionic 
and will not create a pH buffering effect in acid conditions 
(Van Breeman and Wielemaker, 1974a). Because of the rela­
tionship to EA as measured by highly dissociated neutral 
extractions (i.e. , KCl) and low pK values, Jackson (I96O) 
concludes that the soil acidity measured below pH 5-2 is re­
lated to monomeric aluminohexahydronium (Al-hex) and not 
hydronium. The A1 is, however, a tripart analogue to hy­
dro ni um. Jackson noted that the reactive hydronium ion is not 
stable in acid soils and does not exist long in these environ­
ments. However, a substitution process creates the Al-hex ion. 
Jackson found the of Al-hex to be I.05 x 10"^  (pK^  = 5) 
which is nearly the strength of acetic acid. Al-hex is the 
exchangeable form of A1 below pH 5» 0 in soils and is more 
soluble below the pK^  value. At pH values above these levels 
Al-hex will polymerize forming interlayer precipitates in the 
presence of 2:1 expandable silicate minerals (Rich, i960). 
Jackson (i960) further states that acids attack the edges of 
silicate layers liberating the octaheral cations (mostly A1 
and Mg). Mg goes from this nonexchangeable site to an ex­
changeable site (Barshad, I96O; Protz and Riecken, I968). 
However, the Al, once it is freed from the octahedral site, 
forms an Al-hex ion (pK^  ^= 5) which will polymerize unless 
pH is lower than 5'0° The large size of the Al-hex ion and 
its polyvalance allows it to move into exchange sites 
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replacing other cations including hydronium (Jackson, i960). 
It is in these sites that the polymerization occurs which 
blocks some of the CEC of the soil (Sawhney, i960). This 
interlayer material has been suggested by Jackson (i960) as 
an intermediate step to kaolinite formation from smectite. 
Jackson (i960) states further that smectites in the finer 
clay fraction are preferentially destroyed by edge attack 
because of high exposed specific surfaces. The interlayer 
building in this case will continue in certain portions of the 
clay mineral suite while other portions are being selectively 
weathered. Al-hex ions are split off from the interlayer 
portions if the pH of the surrounding environment drops below 
4.5. Once free, the ions can easily leach away or move to 
exchange sites. 
In most primary minerals A1 is bound in 4-fold coordina­
tion to oxygen forming a tetrahedral unit cell similar to 
silica. Chemical weathering produces octahedral, 6-fold 
coordination of A1 with oxygen from 4-fold coordination 
(Jackson, I963). The tendency to move from 4-fold to 6-fold 
coordination is promoted by a decrease in pH (Kimpe et al., 
I96I; Bamhisel and Rich, 1965; Schoen and Roberson, 1970). 
Jackson (I963) placed this in a general equation form: 
Weathering processes 
\ / _ ^ \ / 
— A1— 0 —Al—OH 
\ — /  ^
Igneous processes 
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Conversion of feldspar to gibbsite is an illustration of the 
above reaction during weathering under certain conditions. In 
silica deficient environments A1 forms a series of clay 
minerals based primarily on acidity conditions. Bayerite, a 
4-fold coordinated A1 clay mineral which is rare in nature, 
formed in alkaline conditions at room temperatures and pres­
sures (Schoen and Roberson, 1970). They found that at pH 5»8 
and below, gibbsite (6-fold) formed; bayerite (4-fold) formed 
above pH 5»S» The bayerite changed to nordstrandite upon 
aging. Nordstrandite is an intermediate polymorph with 6-fold 
coordination. Bayerite is not stable until a permanent alka­
line environment is created. For an example in nature, Carroll 
and Starkey (1959) observed that A1 clays leached from lime­
stone were nordstrandite. Gardner (1970) concludes from his 
studies that a pH of 4.2 or below would be necessary to create 
gibbsite from dissolved kaolinite substances. 
In inorganic systems during layer silicate decomposition 
by chemical weathering, more silica is in solution than 
alumina (Correns, I96I). Jackson (I963) concludes that this 
indicates polymerization of alumina. Ragland and Coleman 
(i960) observed additional adsorption of A1 by A1 saturated 
montmorillonite at activities less than the Ksp of gibbsite. 
The pH was simultaneously lowered in this experiment. These 
and other related data led Jackson (I963) to conclude that 
interlayer precipitation of A1 hydroxide in expandable layer 
silicates occurs preferentially to precipitation of free 
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gibbsite. The decrease in solution pH during the interlayer 
formation indicates hydroxy-Al lattice building. The hydroxyl 
comes from water which liberates a hydrogen ion by hydrolysis. 
The fixation of each Al ^  would release 3 H ions (Jackson, 
1963). 
Al of Al-hex has 6-fold coordination with water forming 
an octahedral configuration. This hydrated Al ion is an acid 
because it contains remove able hydrogen (Black, 1968, p. 285) • 
If the solutions are sufficiently acid each Al-hex exists 
individually because the positive charges repel one another. 
However, added hydroxyl reduces the influence of positive 
ions causing them to form multiple units and expel water 
(Lindsay et al. , 1959)* Interlayer hydroxy-Al is of this 
polymer type. The polymerization process tends to grow by 
more additions laterally in sheet-like forms. Interlayer and 
free Al precipitation and Al movement in Iowa soils has not 
been studied. If the conditions described above occur in 
Iowa, acidity in these soils will largely be controlled by Al. 
Summary of soil acidity development 
Following is a list of the acid strength of proton retain­
ing sites modified from Jackson (I963): 
I. pH below 4.0 
A. free nitric acid from nitrification 
II. pH below 5'0 
A. Aluminohexahydronium cations 
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B. Fuivie acids 
III. pH below 7.0 
A. All other organic acids 
B. Carbonic acid 
C. Silicic acid 
D. Adsorped hydrogen on clay surfaces and on 
organic matter 
Acidity is developed through processes of hydrolysis, 
solution, and oxidation. The environmental conditions condu­
cive to acidity development are (1) increasing rainfall, 
(2) increasing COg production, (3) increasing organic matter, 
(4) increasing soil nitrogen and sulfur, (5) removal of bases, 
and (6) increasing chemical weathering, especially freeing 
bound Al. 
Loess as a Parent Material 
Loess was selected for this study because it is rela­
tively homogenous compared to most other soil parent materials. 
The changes in loess as observed in past studies follow sys­
tematic and predictable patterns. As the unknown influence of 
the parent material effect is minimized, it can be discounted 
as a variable, facilitating the study of other soil forming 
factors. 
Loess is a silty sediment deposited by eolian processes, 
usually unconsolidated and unstratified. The silt may have 
originated from the large amounts of silt sized rock flour 
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produced by glacial grinding which was carried and deposited 
by outwash streams. Pewe (1955) describes silt deposits now 
forming on the uplands along the Tanana River in Alaska. 
High wihds blowing across the braided Tanana River erode the 
silt and deposit it as loess blankets on the neighboring up­
lands. Probably similar windstorms occurred across Iowa in 
the past blowing silt into the air and depositing it down­
wind creating the loess-covered terrain. Loess is deposited 
on pre-existing topography regardless of shape or elevation. 
For instance, Ruhe (I969) reports that 320 feet of elevation 
exists between some loess covered ridges and terraces in 
western Iowa. 
A large portion of Iowa is covered by loess deposits of 
varying thickness. Only three physiographic areas of Iowa are 
relatively loess free: (1) Missouri River floodplain, 
(2) lowan Erosion Surface, and (3) Des Moines Lobe of Gary age. 
The first two areas were sources of loess (Kay and Graham, 
1943). At present, however, on the lowan surface thin loess 
deposits do occur (Kovar, I967). The glacier which created 
the Des Moines lobe commenced its migration into the area after 
the major episodes of loess deposition had occurred (Ruhe, 
1969). Another source of sediment for loess is the Mississippi 
River. Hunter (1950) and, later. Hunter et al. (1953) pre­
sent some evidence for local sources of loess from the Skunk 
and Des Moines Rivers. In many of the original loess covered 
areas post depositional erosion has removed the loess. In 
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the remaining loess covered area, the thickest deposits occur 
on uneroded summits (Hutton, 19^ 7$ 19^ 8). 
In a study of 40 deep profiles reported in Muckenhim 
et al. (1955) all but one profile had silt fractions varying 
from between 60% to 85^  silt. The amount of sand and clay was 
more variable depending on sample depth and source of material. 
Soils in their study that had more than JOfo clay deep in the 
profile were rare. The profiles seldom had less clay than 
12^ . The most variable and unpredictable of the three soil 
separates concerning loess is the sand fraction. Within one 
profile the percent sand ranged from 3*5 to 12.4^ 1, Most pro­
files, however, varied only about Zfo in sand content and con­
tained less than 15^  sand. Only three profiles in the study 
cited above had samples with less than 1^  sand. In the pro­
files of some highly developed or weathered loess soils, the 
clay fraction tends to increase at the expense of the silt 
fraction as a result of clay formation and translocation 
(Hutton, 1947; Shrader, 1950)* The loess soils reported by 
Soil Survey Staff (I966) follow closely the above texture 
ranges. 
Loess in unleached weathering zones is usually calcareous. 
Some investigators (Hutton, 194?; Glenn et al., 196O; and 
others) assume that the loess was everywhere originally cal­
careous. For purposes of this study this assumption is adopted 
for the following reasons: (1) the exchange acidity is refer­
enced to calcareous conditions; (2) the beginning of leaching 
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and other weathering phenomena is often taken as the removal 
of carbonate; (3) leaching of calcareous products probably 
precedes clay translocation; and (4) the presence of cal­
careous materials serves as an initial reference point with a 
buffered pH from which acidity development can be assumed to 
originate. Calcareous materials have a limited pH range— 
pH 7.8 at the precipitation point (Krumbein and Garrels, 1952) 
to pH 8.2 at the point which partial pressure of atmospheric 
COg is in equilibrium with the calcareous materials (Bradfield 
and Allison, 1933; Van Breeman and Wielemaker, 1974a, b). 
Peech (1965a) uses pH 8.2 as the reference pH for the BaClg-
triethanolamine exchange acidity method because of the relation 
of CO2 and calcareous materials mentioned above ; also this 
method at this pH gives comparable results to the laborious 
residual carbonate method of Bradfield and Allison (1933). 
As mentioned above Krumbein and Garrels (1952) observed that 
calcium carbonate tends to dissolve below pH 7.8 and that the 
environment must be above this pH value before precipitation 
can occur. This narrow buffered pH range of 7*8 to 8.2 for 
calcareous materials is a handy reference for acidity studies. 
Jackson and Sherman (1953) also use the presence of calcareous 
products as an indication of an early weathering stage. 
The loess progressively and exponentially thins as a 
function of distance from the source (Hutton, 19^ 7; Hunter, 
I95O; Ruhe, 1969). Accompanying thinning of loess, percent 
total clay in the B horizon increases. Hutton (1947. 1950) 
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and Ulrich .(1949b, 1950) reported increases in textural pro­
file development occurring as a function of a decrease in loess 
thickness. Hunter (1950) reported similar findings in south­
eastern Iowa. Apparently it is the depth to impermeable 
paleosol and divide or summit width which controls textural 
development (Schafer, 195^ ; Ruhe, 1969). Ruhe believes the 
paleosol restricts internal drainage and accelerates soil pro­
file development. Schafer (195^ ) believes that loess thickness 
and landscape dissection combine to determine profile develop­
ment on a sequence of poorly drained loess soils in south­
eastern Iowa. In areas of intergradation between more de­
veloped and minimally developed soils, the soils on narrow 
divides were most developed. Impermeable paleosol underlying 
the loess forced the percolation of soil water in the loess to 
move laterally to the drainageways. These soils were more 
leached and therefore had lower pH values and stronger profile 
development than the soils nearer the divide center that had 
little or no lateral movement. 
The mineralogy of the coarse silt and sand fraction in 
loess soils may have altered since original deposition. McKim 
(1972) reports that for a series of Iowa loess soils K-feldspar 
ranges from 4-l6 percent of the coarse silt fraction and Ca-
feldspar ranges from 0 to 5 percent in the same soils. The 
remainder was mostly quartz. Wells and Riecken (I969) report 
that K-feldspar decreased from west to east from Nebraska 
through Iowa and into Illinois approximately as a function of 
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increased annual precipitation. McKim (1972) reports similar 
results on soils he investigated. Grossman (1971) reports that 
the sand fraction of highly weathered southern Iowa loess soils 
is composed of over 75^  Fe and Mn. secondary nodules probably 
resulting from in situ alteration or formed in the soil profile 
after deposition. Swenson and Riecken (1955) noted that free 
iron shifted from finer to coarser fractions in some Iowa 
loess soils as weathering progressed which probably indicates 
formation of nodules by some secondary soil process supporting 
Grossman's observations. 
Russell and Haddock (19^ 0) found montmorillonite to-be 
the dominant clay mineral in Iowa loess soils in an approximate 
ratio of 60?5 montmorillonite, 30^  illite, and 10% kaolinite. 
Peterson (1946) observed an increase in montmorillonite with 
depth in the soil profile to the B horizon. He outlined a 
trend for increasing montmorillonite as follows: (1) more 
weathering, (2) stronger forest influence, and (3) more pre­
cipitation annually. Handy et al. (1955) found similar results 
on gross clay mineralogy. However, they noted that the CEC of 
a clay fraction in southeastern Iowa loess was lower than 
southwestern Iowa loess, indicating that differences in clay 
mineralogy occur across Iowa loess, that the source of loess 
can influence the clay mineral content, and that more illite 
occurs in the eastern part of the state. 
Glenn et al. (i960) studied in detail the chemical weather­
ing and clay mineral formation of a Tama silt loam from 
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southwestern Wisconsin in a 13 foot loess section with the 
lower 3 feet calcareous. Montmorillonite accounted for about 
O^fo of the total clay followed by ZOfo illite, 12^  vermiculite, 
and Sfo kaolinite. In the fine clay fraction the percentage of 
montmorillonite is even greater. The montmorillonite investi­
gated had about 2^ % of the octahedral positions occupied by 
iron and 10% by Mg and the rest by Al. They termed this 
mineral a "ferriginous dioctahedral montmorillonite". 
Similar ferriginous clays had been reported by Swenson (1951) 
in southern Iowa weathered profiles. Glenn et al. (i960) 
believe their results indicate formation of montmorillonite 
even in the unleached calcareous zone from ferromagnesian 
minerals such as amphibole, biotite, and vermiculite. In the 
uppermost horizons secondary Al interlayers in montmorillonite 
produce a chlorite-like clay mineral, suggesting that in the 
acid conditions which occur in the A and B horizons mont­
morillonite is not stable. Vermiculite ivss absent in the upper 
horizon in the fine clay fraction, presimably being completely 
altered to other clay minerals. Fanning and Jackson (I966) 
in a forested loess soil noted even greater amounts of pedo-
genic chlorite in coarse clay fractions. The soil (Dane 
series) had a higher pH than the Tama. They also found deeper 
zones without significant amounts of pedogenic chlorite. This 
they attribute to biologic activity at the soil surfaces. The 
organic carbon, abundant in the prairie soil surfaces, may 
coat the particles and resist somewhat the conversion of 
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montmorillonite to chlorite. 
Warren Lynn as reported in Grossman (1971) investigated 
the clay mineralogy of several highly weathered southern Iowa 
loess soils. He found all the profiles were montmorillonitic. 
The A2 horizons of the transitional and forest soils were 
devoid of montmorillonite because of pedogenic removal. Mont­
morillonite was found to be the dominant mineral in argillic 
horizons and deeper. He reports only minor amounts of inter-
layer montmorillonite. The only vermiculite observed by Lynn 
was in the C horizon of one soil. 
Identifiable weathering zones in loess of Iowa have been 
summarized by Ruhe (I969). The upper zone is usually oxidized 
and leached of carbonates in deep loess. In areas of thinner 
loess, calcareous zones are not observed in the weathering 
profile. However, a distinct gray mottled zone, termed the 
deoxidized zone by Ruhe, is found at depth in most loess 
sections. The depth to this zone decreases as the loess thins. 
In the Grundy soil association this zone is found at the soil 
surface. In this study only two weathering zones probably 
need to be considered: the overlying oxidized and leached 
zone, and the lower deoxidized and leached zone. 
Loess Soils in Iowa 
Model development 
In the present study models are used for a framework to 
guide investigation and also for systematizing results. The 
27 
models used are strongly influenced by Jenny's (1941) state 
factor equation s = f(cl, o, r, p, t, ...) where s is a soil 
property which is a function of climate (cl), organisms (o), 
relief (r), parent material (p), time (t) and ... for special 
state factors needed for certain conditions. By holding four 
of the state factors constant, the fifth factor can be evalu­
ated in terms of effect on the soil properties being tests. 
Jenny (1961a) also derived another equation which is specific 
for one of the state factors. The equation delineates the 
amount of variation in a soil property generated by changes in 
any single state factor. The equation is: 
where N is any soil property and F is any of the five state 
factors or any other state factor that may effect soils under 
special conditions. Jenny uses loess deposition from storms 
as a special example of an extra state factor. This equation 
aids in determining if a given state factor has an effect on 
a soil property. In the above equation c and d are integral 
ranges or summary ranges of the state factor of a given land­
scape or given region. As c and d approach zero the portion 
of the landscape being examined becomes smaller, possibly 
approaching the individual landform or soil mapping unit in 
the field.  ^represents the slope or effectiveness of a state 
factor on a soil property in the investigation area. As the 
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contribution of a state factor to variation of a given soil 
property approaches zero either the range of the factor is 
narrow or its effectiveness is small (Jenny, 1961a). This 
tool establishes a framework for testing soils from the 
regional level to the landform or field unit level. 
The model form tested in the regional study in this in­
vestigation is a modified version of that presented by Corliss 
(1958) which is a derivation from the state factor equation. 
In Iowa, loess soils vary systematically as a function of 
internal drainage, native vegetations! community, and profile 
textural development. Corliss formulated these influences 
into a model which serves as a framework for field observations 
and laboratory analyses to test various hypotheses of soil 
genesis involving changes in these factors. Corliss included 
only certain soils located in southern and eastern Iowa in 
his model; beveled side slope soils were avoided in preference 
to stable summit soils. However, application of a similar 
model to other or all loess soils in Iowa may easily be made. 
Cardoso (1957) devised a similar model for the Clarion-Webster 
soil association of Cary-age till soils. These models facili­
tate the prediction of landscape and morphological characteris­
tics of soils in a given area while reducing variance or ex­
plaining variance for certain soil properties (Riecken, 1965). 
Blosser and Jenny (1971) illustrated the usefulness of this 
type of model by comparing the correlation between pH and 
base saturation from randomly selected soils and from soils 
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selected to reflect trends in soil forming factors similar to 
the above model. The correlation from the random sample was 
very low and not significant. For soils in the selected trend 
samples, correlation was highly significant. This demonstrates 
that variation in soils can be reduced by the use of trend 
models chosen to reflect changes in soil forming factors. 
The model used in this study assumes that relative influ­
ence of some soil forming factors creates sequences of soil 
types with property changes that can be observed in the field 
or in the laboratory. In this study only one rather 
homogenous parent material, loess, is used in the model. 
However, sola of soils in regional studies may develop from 
differing weathering zones in loess. For instance, in thin 
loess the profile may be in deoxidized loess; in thick loess 
the profile may be entirely in oxidized loess. Many other 
influences may affect soil properties: time, parent material, 
underlying stratigraphy, and topography combine in a complex 
interaction; progressive increase of profile development occurs 
with the thinning of loess as a function of distance from sedi­
ment source (Hutton, 19^ 7; Ulrich, 1950; Ruhe, 1969); local 
loess sources probably modify soils in certain areas (Hunter, 
1950); climatic influences may increase the amount of fine clay 
in the B horizon by textural development processes (Corliss, 
1958). Corliss used profile development as an observable 
interaction state factor rather than a single soil factor. 
Profile development is expressed by maximum percent clay in the 
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soil profile. As systematic observable changes in clay con­
tent can be used to differentiate soil series, this property 
is a diagnostic field criterion and a handy laboratory cri­
terion which also can be used to designate broad association 
level and regional level changes in certain landscapes. In 
Oschwald et al. (I965), gradational or continuum changes in 
soil associations from eastern to south central Iowa reflect 
gradual loess thinning and increasing textural development 
(Hunter, 1950). For example, a single soil sequence with in­
creasing development is Muscatine (Tama) to Mahaska (Otley) 
to Grundy to Seymour. In this study the following categorical 
terms to designate increasing textural development in soil 
profiles are used for communication ease: 
Stage II minimally developed profiles (e.g., Muscatine) 
Stage II: medially developed profiles (e.g., Mahaska) 
Stage III: well developed profiles (e.g. , Gmndy) 
Stage IV: highly developed profiles (e.g., Seymour) 
Additional stages could be added to include out-of-state soils 
such as Seaton and Putnam. 
Internal drainage in loess soils is another complex 
phenomenon that has a strong and easily observable influence 
on soil properties. Because landscape positions and other 
topographic conditions dominate, the drainage sequence used in 
this model is assumed to reflect the influence of topography 
as a soil forming factor. Strong profile influences attributed 
to differing native vegetation communities (e.g., deciduous 
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forests) had been observed in Iowa soils (Shrader, 1950). 
Corliss (1958) used this sequential biotic effect as his 
biosequence. 
Time, parent material, and climatic effects are assumed 
to be either summed up in these three sequences or have little 
effect within the study region. 
The regional model used in the present study is a modi­
fication of the model of Corliss (1958). The four development 
stages are arranged against three drainage and three biotic 
classes. The first major combination is into four groups by 
stage of development. The three by three array of biotic 
versus drainage classes creates nine possible cells in each 
development stage. However, well drained soils are not ob­
served in terrains with stage III and IV development. There­
fore, these stages have only six cells. The thirty cells 
created by this method are all represented by a soil series 
except the stage IV poorly drained forest soil cell. Al­
though no formal soil series is recognized for this soil, it 
does exist, has quite different soil properties from associ­
ated soils, and should be established as a soil series. The 
field mapping unit, 260X, is used to designate this soil in 
the present study. All of these categories are recognizable 
both by field morphological characters and laboratory physical 
and chemical tests. This array of established soils certainly 
provides an ideal framework for testing soils as functions 
of changes in soil forming factors within the southern Iowa 
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region. Table 1 lists the soil series as cells in sequential 
arrays. 
Previous studies 
Hutton (1948) was the first to systematically study a 
sequence of Iowa loess soils. Soil profile samples were 
collected by intervals from broad, more stable, better drained 
summit positions across southwestern to southcentral Iowa. 
Generally, these samples represented soils derived from loess 
under prairie vegetation. Hutton described the progressive 
soil development and thinning of the loess as the distance 
from the source increased. The B horizon was found to 
steadily increase in clay content. He concluded that clay 
formation and translocation increased as a function of time 
and was related to the thickness of the loess. As the loess 
thins, lower base saturation and increased depth to carbonates 
occurs because of an increase in leaching and weathering. Al­
though Hutton's time sequence needs qualification, the loess 
thinning sequence is still valid (Ruhe, I969). 
Ulrich (1949a) examined poorly drained soils using 
similar techniques to those of Hutton. The sequence of 
progressive soil development was found to be similar to 
Hutton*s study differing only in having higher clay contents 
at the same distance from the sediment source. 
Shrader (1950) examined soils in Iowa and Missouri loess 
regions comparing variations along development sequences and 
Table 1. Soil series used in the basic model arrayed by biosequence, stage of 
profile development, and natural drainage 
Prairie soils Transition Forest 
Stage of profile 
development 
Natural 
drainage 
Tama Downs Fayette Stage I Well 
Muscatine Atterberry Stronghurst Stage I Somewhat poor 
Garwin Walford Traer Stage I Poor 
Otley Ladoga Clinton Stage II Well 
Mahaska Givin Keomah Stage II Somewhat poor 
Taintor Rubio Rushville Stage II Poor 
Grundy Pershing Weller Stage III Somewhat poor 
Haig Belinda Beckwith Stage III Poor 
Seymour Kniffin Rathbun Stage IV Somewhat poor 
Edina Appanoose 26OX Stage IV Poor 
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biosequences. Clay content development of forest soils was 
vastly different from that of prairie soils. 
Prairie soils first increased in surface clay, then 
gradually decreased as the B horizon became finer textured. 
Shrader separated prairie soils into soil development associa­
tions by functions of clay formation and clay translocation. 
In the Marshall series of western Iowa and Missouri, clay 
formed simultaneously and about equally in the A and B 
horizons with no observed translocation. Sharpsburg, the 
series with maximum Jimount of clay measured in the A horizon, 
had approximately 10^  translocated clay. In the Grundy series 
and Putnam series of Missouri, the process of surface clay 
destruction and translocation to the B horizon occurs creating 
a surface horizon that is depleted in clay and a B horizon 
that is progressively enriched in clay. Shrader hypothesized 
that prairie soils early in development produce more clay than 
is translocated. In medial development clay production begins 
to fall and translocation increases. In advanced development, 
translocation of clay to the B horizon far outpaces production 
in the A horizon. 
Forest soils examined by Shrader were lower in surface 
clay than prairie soils. Also percent clay in the A horizon 
was nearly constant and independent of percent clay in the B 
horizon. This indicated to Shrader that an equilibrium exists 
between clay translocation and clay formation in forest soil A 
horizons. He also noted that as development increased, prairie 
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soils physically resemble forest soils in most morphology 
characteristics. E^ rader believes that at 60% clay in the B 
horizon, few differences are directly attributable to bio-
sequence differences. Laboratory data do show differences, 
however (Protz, 1965; Tembhare, 1973). 
Hunter et al. (1953) examined better drained upland soils 
developed under prairie grass along a loess traverse in central 
and eastern Iowa. The results were quite similar to those of 
Hutton and Shrader. However, more translocation of clay was 
observed in the Tama series than the Marshall series, perhaps 
due to increased rainfall. Maximum clay in the A horizon was 
observed in the Otley series. B horizons from Tama through 
Otley to Grundy series were progressively finer. 
White and Riecken (1955) also studied biosequences of 
forest, transition and prairie in loess soils of Iowa. They 
observed that field morphology would place the transitional 
soils intermediate between forest and prairie. However, their 
laboratory data indicate that transitional soils are geneti­
cally closer to forest than prairie soils. 
White and Riecken (1955) state that the first visible 
evidence of transformation of a prairie soil when encroached 
upon by a forest is in the A1 horizon. Gray flecks appear 
and some organic matter is lost. The A1 horizon becomes 
thinner as forest influence increases and clay is translocated 
to the B horizon. They observed that the clay maximum in 
transitional soils occurs at shallower depths than in related 
36 
forest soils. Base saturation of the B horizon in forest 
soils is lower than in the prairie soils indicating an increase 
in leaching. The soils used in their study, Tama-Downs-
Fayette and Grundy-Pershing-Weller, are included in the 
present study. 
Cain (1956) studied a development sequence of poorly 
drained forest soils including Traer, Rushville, and Beckwith. 
Schafer (195^ ) studied poorly drained prairie soils including 
Garwin, Taintor, and Haig. Forest soils had a lower pH and 
lower percent base saturation than prairie analogues. Schafer 
(195^ ) also found that Haig series occurred commonly in two 
places on the landscape in southern Iowa. One occurrence was 
associated with another poorly drained prairie soil—the 
Taintor. In these areas Haig occurred in thinner loess nearer 
drainageways and had lower pH values than Taintor. This 
indicates a strong relationship of topography and landscape 
position for acidity development. Dideriksen (I966) found 
distinct differences on the "beveled side slopes compared to 
stable upland areas in the Otley-Mahaska soil association such 
as profile clay distribution and pH. 
Several studies have been made concerning the regional 
status of certain elements in transects across loess soils 
in Iowa. Swenson and Riecken (1955), Simonson et al. (1957), 
Corliss (1958), Daniels et al. (I96I), and McKim (1972) studied 
the distribution, condition, and amount of iron in soil pro­
files developed in loess. The iron status is related to 
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drainage, degree of development in the profile, and amount and 
type of weathering that has occurred. McKim (1972) reports 
that some structural changes .and aeration porosity changes 
may be related to iron segregation. 
Protz and Riecken (I968) found that an increase in ex­
change acidity in the clay fraction of loess soils was accom­
panied by a decrease in nonexchangeable magnesium in the less 
than 1 micron fraction of the clay. When nonexchangeable 
Mg decreased, exchangeable Mg also decreased. The hydrogen 
ions related to acidity remove the Mg from within the clay. 
Jackson (I963) and Glenn et al. (i960) report that A1 reacts 
similarly. The Mg depletion starts with 5 to 10^  exchange 
acidity development. Mg depletion is characteristic even 
before clay is translocated. 
Wells and Riecken (I969) reported on K in loess soils on 
a traverse from Nebraska through Iowa to Illinois. K in loess 
soils decreased eastward as a function of an increase in rain­
fall. Drainage differences were found to have little or no 
effect on K in soils in the areas studied. 
Godfrey (1951)» Runge and Riecken (1966), Mausbach (I969), 
and Tembhare (1973) studied amount and condition of phosphorus 
in some Iowa loess soils. Tembhare (1973) demonstrated the 
use of Bray 1 available phosphorus (AP) as an indicator of 
biosequence effects. Transitional soils contain more AP in the 
A horizon than either prairie or forest end members. Also, the 
B horizon of forest soils contains more AP than the B horizon 
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of prairie soils. Maustach (I969)  found that sesquioxide-bound 
phosphorus increases and Ca-bound phosphorus decreases as func­
tions of decreasing pH. He also found that poorly drained soils 
contain more Ca-bound phosphorus than better drained analogues. 
Godfrey (1951) found that total phosphorus decreases in B 
horizons as textural development or stage of development in­
creases. Runge and Riecken (I966) found the high amounts of 
A horizon total phosphorus is due to organic phosphorus. They 
also found organic phosphorus of poorly drained soils is about 
one half of the amount found in better drained sequential 
analogues. 
Soil Acidity Information Sources on Iowa Soils 
In previous studies with acidity data in Iowa, only two 
reports refer directly to A1 and acidity. Runge (I963) used 
an A1 extraction technique on a few profiles. Soil Survey 
Staff (1966) have Ex A1 on nine profiles from three prairie 
soil series (Otley, Mahaska, and Macksburg). The maximum 
amount of Ex A1 observed was 0.4 meq/100 g which is in agree­
ment with results from the present study. 
Most of the previous studies with acidity data from Iowa 
did not use methods accepted as standard today: EA was mea­
sured by BaOAc at pH 7.0 and pH was measured in various dilu­
tions of water. However, for reference these data may prove 
useful. Table 2 gives the reference, soil series, native 
vegetation and parent material of some of the previous work 
Table 2. Summary for soil acidity information in Iowa 
Source Soil series Biotype Parent material 
Cain (1956) 
Cardoso (1957) 
Corliss (1955) 
Corliss (1958) 
Coultas (1951) 
Fenton (I966) 
Foth (1952); 
Foth and Riecken (195^ ) 
Green (1952)} 
Green and Riecken (1953) 
Hutton (1948; 1950) 
Hunter (1950) 
Hunter, Riecken, 
and McClelland (1953) 
Traer, Rushville, 
Beokwith, Marion 
Clarion drainage sequence 
Lester drainage sequence 
Hayden drainage sequence 
Corley, Minden 
Comprehensive study of 
eastern and southern 
Iowa loess soils 
O'Neill 
Tama, Muscatine, Garwin 
Dinsdale, Port Bryon 
Galva. Moody 
Clarion, Hayden 
Monona, Sharpsburg, 
Grundy, Marshall, Seymour 
Otley, Grundy 
P 
T 
F 
P 
PTF 
P 
P 
P 
PF 
P 
P 
Loess 
Cary till 
Loess 
Loess 
Outwash 
Loess 
Loess 
Cary till 
Loess 
Loess 
P^ = prairie; T = transition; F = forest. 
Table 2. (Continued) 
Source 
Muckenhim et al, (1955) 
Phillips (1958) 
Prill (1955) 
Ryan (1959) 
Schafer (1954; 1955) 
Slusher (I960) 
Soileau (1958) 
Soil Survey Staff (I966) 
Tyler (1957) 
Ulrich (1949a; 1950) 
White (1954) 
Soil series 
Clinton, Fayette 
Floyd, Clyde 
Lindley, Keswick 
Tama, Muscatine 
Garwin, Taintor, Haig 
Gosport 
Coggon 
Wide variety 
Cresco, Lourdes, Bonair, 
Riceville, Protivin 
Minden, Winterset, Haig, 
Edina, Putnam 
Tama Downs, Fayette, 
Weller, Pershing 
Biotype Parent material 
F Loess 
P "lowan" till 
P Till, palesol 
P Loess 
P Loess 
T, F Shale 
F "lowan" till 
PFG Various types 
PPG Firm till 
P Loess 
PTF Loess 
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on soil acidity in Iowa. All used the above noted EA and pH 
measurement methods. Soil Survey Staff (I966) includes a few 
examples utilizing the standard methods used in this study. 
Review of Soil Acidity Measurement Techniques and Problems 
Three principal measures of soil acidity were used in this 
study: (1) exchange acidity (EA), (2) exchangeable aluminum 
(Ex Al), and (3) soil reaction (pH). Other measures used to 
determine physical or chemical properties of soils were total 
carbon to determine the amount of organic matter present in 
the soil, and particle size analysis for percent clay present 
in a soil. 
Exchange acidity 
Exchange acidity in some form or another represents the 
soil reaction with base. In strong acid solutions a clear 
end point with titration with a base can be determined. Un­
fortunately no such clear end point exists in soils. The cause 
of this phenomenon is the bonding of hydrogen in soils. The 
hydrogen in a strong acid such as HCl is found as hydronium 
ions with ionic bonding. However, covalent bonding such as 
foxond in methane occurs in soils. Often the hydrogen in soils 
is bound by a combination of co valent and hydrogen bonds. This 
phenomenon also partially explains pH dependent cation exchange 
(Black, 1968). This release from covalency to ionic bonding 
upon an increase in base results in a buffering effect and 
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makes an end point arbitrary. 
In some exchange positions of soil clay minerals, A1 is 
bound by hydroxyls and tends to block some of the exchange 
capacity of the soil (Coleman and Thomas, 1964; Sawhney, I96O; 
Sawhney et al., I97O). These Al hydroxyl interlayers often 
form in between montmorillonite, vermiculite, micas, and even 
kaolinite (Rich, 196O; Sawhney, i960, 1968; Hsu and Bates, 
1964; Prink, 1965; de Villiers and Jackson, I967). The peaks 
on X-ray diffraction are altered by Al-interlayer additions re­
sulting in the presence of vermiculite and chlorite peaks 
in mica and montmorillonitic soil (Sawhney, i960). The 
solution pH was observed to decrease when these interlayers 
are produced, indicating a hydrolysis release of (Shen and 
Rich, 1962). If base is added to the soil this process is 
reversed changing the titration curve; these interlayers then 
create pH dependent cation exchange. 
The most common measure of EA for Iowa soils in the past 
was a Ba(0Ac)2 method described in Black (1957). However, a 
more universally accepted standard method is the BaCl^ -TEA ex­
traction at pH 8.2 first developed by Mehlich (1938). Peech 
(1965a) refined the procedure into the method generally fol­
lowed in this study. This method often is contrasted to a 1 N 
KCl extraction procedure which is an unbuffered salt of a 
strong acid. This method has been found to affect only ionic 
bonded cations and therefore of interest to determine the EA 
due only to permanent charge (KcLean et al., 1959). The KCl 
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extraction of Ex Al is a close measure of this EA type. 
The BaCl2-TSA is adjusted at pH 8.2 to correspond to the 
equilibrium of CaCO^  and atmospheric partial pressure of COg 
at 25°C, thus coordinating this method with the residual car­
bonate method of Bradfield and Allison (1933). The residual 
carbonate is long, laborious, and expensive; therefore, it is 
seldom used for routine analysis. However, the method does 
express a definite conclusion of base addition with which each 
sample can be referenced. It has some logic in selecting 
CaCO^  because of the number of calcareous soils and the general 
assumption that these soils are totally base saturated. As 
pointed out earlier, soils that are originally calcareous 
become more acidic on leaching. The C horizon of many of the 
soils in Iowa are calcareous indicating the whole profile was 
once calcareous and has subsequently been leached (Ruhe, I969). 
Using an assumption of original calcareous loess for all soils 
used in this study, each BaClg-TEA determination represents 
the Ca^  removal and replacement by during pedogenesis. 
Pawluk and Carson (I963) compared various extractants used 
for determining EA in soils and found the BaClg-TEA to be the 
most effective of the types examined for both kaolinitic and 
montmorillonitic soils and soils high in organic matter. " They 
attributed the success of the method to the ability of BaClg-
TEA to exchange with charges held in pH dependent exchange ; 
sites. 
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Exchangeable aluminum 
As noted before, Ex A1 is strongly related to acidity in 
soils. Most of the EA in soils as determined by unbuffered 
salts can be directly accounted for by Ex A1 (Coleman et al. , 
1959; Chernov, 194?). In strong acid solutions, A1 is triva­
lent and surrounded by six molecules of water (6-fold coordina­
tion). Jackson (i960) calls this ion aluminohexahydronium 
(A1(H20)^ 3^). xn increasingly alkaline environments the water 
moleculer, attached to the aluminohexhydronium ions lose a 
hydrogen ion to the solution forming first a divalent and then 
a monovalent hydroxyl-Al cation. McLean (19^ 5) claims all 
three of these ions are adsorbed by soils on exchange sites 
of the soil clay minerals; this hypothesis is disputed by 
others. The hydroxy-A1 cations are more strongly adsorbed 
than the aluminohexahydronium ion. Therefore, only the tri­
vaient ions are replaced by highly dissociated salts (Rich, 
i960). The trivalent forms are ionically held in exchangeable 
form and the hydroxy-A1 forms are nonexchangeable or exchange 
only at high pH values. The tri valent form is much more 
soluble than any other form of A1 found in most soils. Except 
for being active only in acid conditions and having a stronger 
adsorption, trivaient Al can be exchanged by mass action like 
any other cation. 
Some questions arise concerning the relationship of ex­
changeable hydrogen and A1 on the exchange complex. Low (1955) 
observed a spontaneous reaction of exchangeable hydrogen with 
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silicate clay mineral which released A1 to the exchange site 
by electrodialysis and acid leaching with strong acid salts. 
Frink and Peech (I963) discovered that virtually all of the 
A1 released in this manner was trivalent. Coleman et al. 
(1959) found that 1 N KCl extracts of EA were due to A1 and 
that the A1 was trivalent. They used weathered soils leading 
them to believe that in acid weathering A1 dominates the ex­
change positions and hydrogen is less common on the permanent 
charge exchange sites. However, some acid soils have been 
observed to contain exchangeable hydrogen on the permanent 
charge sites (Schwertmann, I96I; Yuan, I963). Schwertmann 
(1961) fovnd almost all of the exchangeable hydrogen he ob­
served was associated with organic matter. Schwertmann and 
Jackson (1964) studying exchangeable hydrogen reactions ob­
served that clay minerals such as vermiculite and montmorillon-
ite hydrolyze causing a polymerization of A1 and liberating it 
from its clay mineral structure to the exchangeable trivaient 
form. By adding base to these soils a "third buffer range" 
is exhibited. They observed this first under laboratory con­
ditions but also noted such buffer ranges in natural soils. 
They attributed the existence of such convertible forms of 
A1 to hydroxy-Al polymers formed in soil clays during weather­
ing. These forms of A1 may account for the anomalous lime 
requirements and also are a source of error in EA and Ex A1 
determinations if the test samples are left in contact with 
the extracting solutions for a long period. 
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As has been suggested above, little Ex A1 is formed in 
soils that are not acid. In fact, very little Ex A1 is found 
in permanent charge exchange sites above pH (McLean et al. , 
1959; Coleman and Thomas, 1964). Coleman and Thomas (1964) 
believe that the hydroxy-A1 forms that exist on the exchange 
sites are converted to A1 hydroxide with addition of base. 
m 
Field measurements of pH tend to have a high variance in 
recorded values and are difficult to replicate over a period 
of time. Certain temporary'" conditions such as weather can 
upset the equilibrium between reserve acidity of adosrbed 
H ions and active acidity in the soil solution. Minor fluctua­
tions in weather and field moisture can either dilute or con­
centrate ions in the soil solution that affect measured pH 
with little relation to soil pH (Peech, 1965b). Therefore, 
any measurement of pH with the purpose of soil characteriza­
tion should measure reserve acidity which is a summation of 
the abrasion pH of the soil minerals present in the soil 
(Van Breeman and Wielemaker, 1974b). The samples need to be 
taken from the field, air dried, and measured in a dilute 
ionic soluTion (i.e., 0.01 K CaClg) which reduces the influ­
ence of soil solution on pH measurement (Peech, 1965b). 
Two other common problems that occur with pH measurement 
are errors due to liquid .iunction potential and changes in 
water to solid ratio. Care in placing the calomel electrode 
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in the supernatant solution and the glass electrode in the 
partly suspended solids reduces liquid junction potential 
error (Peech, 1965h). Another aid in reducing liquid junction 
potential is the use of 0.01 M CaCl2 solution instead of water. 
This also decreases error due to water to solid ratio because 
changes in readings caused by dilution are reduced over a 
wide range of dilutions (Schofield and Taylor, 1955)• 
Another problem observed in water measurement of pH con­
cerns the buildup of soluble ions during the drier periods of 
the year in some soils. The ions tend to reduce measured 
pH values. This type of electrolyte error is reduced to in­
significance by use of 0.01 M CaClg solutions. CaClg at 
these dilutions also simulates field moisture conditions 
under uniform and controlled environments (Peech, 1965b). 
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LABORATORY AI^D FIELD METHODS AND MATERIALS 
Field Investigation Techniques 
Three field locations were selected for detailed examina­
tion of distribution of Ex A1 and EA over a landscape. The 
Lucas County site is dominantly Weller in a forest covered 
landscape. The Appanoose County site is dominantly Rathbun. 
In Wapello County the sites are divided between Pershing and 
Weller soils. 
In the Lucas County Weller locations, three transects were 
made to test if differences could be observed between ridgetop 
summits, headslopes, side slopes, and nose slopes. The pro­
files were in orchardgrass fields or timber with access prob­
lems and had to be sampled by hand using a large Oakfield soil 
probe. The samples were placed in sample bags and immediately 
labeled. Descriptions were made before drying or any further 
processing. Distances were estimated by pacing. Slopes were 
measured with an abney hand level. 
In the Appanoose County Rathbun site, better access 
allowed the use of a truck mounted Giddings hydraulic probe. 
The cores were placed in boxes for transport back to the lab. 
The cores were described before further processing. Again a 
transect for interfluve ridge, side slope, nose slope, and 
head slope positions were made. Profile Sl6 was hand sampled. 
Distances and slopes were measured and estimated as before. 
In Wapello County the Pershing-Weller sites were sampled 
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in conjunction with the standard soil survey. All sites 
were sampled with a Giddings hydraulic probe with the excep­
tion of 90AII which was hand sampled. These sites were 
surveyed by an engineering technician and a detailed 
topographic map was constructed (Figure 36). 
Regional Soil Series Profiles 
In the regional soil series study, profile samples from 
previous investigations were used with the exception of 26OX. 
These profiles had some lab work completed previously and had 
been described. Table 3 lists the series, identifying profile 
number and source of work on that profile. 
Some of the long stored samples may have changes such 
that spurious results may occur in the results of measurements 
used in this study. However, the data obtained compares 
favorably with most of the original data. Also several com­
parative profiles yielded similar results such as the follow­
ing: (1) the Grundy profile P3 is quite similar in pH and EA 
values as a similar profile from Clarke County collected and 
examined by L. D. Lockridge (unpublished data); (2) Weller 
of Corliss (1958) collected many years ago is only slightly 
more acid in terms of Ex A1 and EA than P910 and has nearly 
the same pH; (3) the Beckwith profile P421 falls between the 
range established by the Beckwith profiles IV-5 and 1-5 in 
terms of EA and Ex A1 even though these profiles are from the 
sane field. The author concludes that errors due to length 
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Table 3. Series name, identification number, and source for 
soil series used in the regional study 
Soil series 
Identification 
number Source 
Appanoose P908 Penton et al., 1967 
Atterberry P6O8 Corliss, 1958 
Beckwith P421 Cain, 19 56 
Belinda P614 Corliss, 1958 
Clinton P126 Muckenhim et al., 1955 
Downs P428 Corliss, 1958 
Edina P223 Ulrich, 1949a 
Fayette PI27 Muckenhim et al., 1955 
Garwin Plfl5 Corliss, 1958 
Givin P753 Protz, 1965 
Grundy P3 White, 1954 
Haig P220 Ulrich, 1949a 
Keomah P6I3 Corliss, 1958 
Kniffin P903 & P904 Fenton et al., 1967 
Ladoga P612 Corliss, 1958 
Mahaska P715 Runge, 1963 
Muscatine P94 Corliss, 1958 
Pershing P911 Penton et al., 1967 
Rathbun P905 & P906 Fenton et al. , 1967 
Rubio P610 Corliss, 1968 
Rushville P423 Cain, 1956 
Seymour P780 Protz, 1965 
Stronghurst P609 Corliss, 1958 
Taintor S61 Iowa-5^ -3 Soil Survey Staff, 1966 
Traer P422 Cain, 1956 
260X 26OX No previous study 
Walford P607 Corliss, 1958 
Weller P909 & P910 Fenton et al., 1967 
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of storage are negligible. 
During this study, the profiles from Appanoose, Lucas, 
and Wapello Counties, including 260X, all were processed for 
clay content, total carbon, pH (CaCl2), EA, Ex Al, and AP. 
In the regional profiles in Table 3 excluding 260X, Ex Al, pH 
(CaClg) and EA only were run during the present study. The 
other measures in Appendix I were completed by other re­
searchers. The three measures above were appraised even though 
the original source had completed these analyses previously. 
Laboratory Procedures 
Procedure for exchange acidity 
The procedure in this study follows the method for 
BaClg-TEA in Soil Survey Staff (I967) and Peech 
(1965a) with slight equipment modification. In the present 
study the acidity measured in some fine textured soils had 
large errors. Greater accuracy in replication was achieved 
by increasing the amount of extracting solution. This increase 
in accuracy was especially noticeable in the finer more acid 
soils as the Rathbun series. 
Procedure{ 
1. Weigh 5 grams of air dried and finely ground soil 
sample into I25 ml Erlenmeyer flasks. One check or standard 
sample for quality control per eighteen samples is suggested. 
2. The pH of the O.5 N BaCl2-TEA extracting solution 
should be checked before every daily use and adjustment made 
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to pH 8.2 if necessary. Care needs to be taken to keep COg 
out of the extracting solution as COg has a high buffering 
effect (Van Breeman and Wielemaker, 1974a, b). 
3. Add $0 ml of carefully measured 0.5 N BaClg-TEA ex­
tracting solution to a blank, then to all samples in a single 
batch, and lastly to another reference blank. 
4. After noting the time, swirl the samples vigorously 
in the flasks. The flasks should be swirled at least every 
10 minutes for 30 minutes. Between 30 and 45 minutes after the 
addition of the extracting solution, the samples should be 
filtered. Longer time than this may result in spurious higher 
results because some free and interlayer A1 may be removed 
from sites which creates additional unsaturated exchange sites. 
5. Filter the sample through number 1 Whatman filter 
paper into 100 ml volumetric flasks. Wash the residue with 
BaClg replacement solution up to volume in the flask. Be sure 
the original 125 ml flasks are rinsed into the filter. Prepare 
the blanks by the same filtering procedure. 
6. The samples are now ready to back titrate with 
standardized 0.2 N HCl to an end point at pH 4.5 with bromo-
cresol green. Between pH 4.5 and 3-0 these samples, as ob­
served by the author, have little buffer and small amounts of 
additional KCl can exceed the end point. 
7. Pour the sample extract or blank extract from the 
volumetric into a 250 ml beaker and add about 7 drops of 
bromocresol indicator. 
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8. Titrate with a magnetic stirrer mixing the liquid 
continuously with the standardized 0.2 N HCl until a green 
color appears. 
9. Pour the sample from the beaker back into the 100 ml 
volumetric and rinse it out. This should convert the color 
back to blue. Finish the titration to green and record the 
amount of HCl consumed. 
10. Clean the glassware immediately and thoroughly after 
use. Care should be taken not to let the glassware dry with 
TEA in it as it coats the glass with a strongly adherent film 
which is very difficult to clean once it dries. 
Reagents 1 
1. BaClg Extracting (buffer) Solution (0.5 N BaClg-O.Z N 
triethanolamine): for 18 liters dissolve 1,100 grams of BaClg 
in distilled water that has been freed of COg. Add 180 ml of 
triethanolamine (TEA) to the solution and mix thoirou^ ily. 
Take a pH reading of the solution and start carefully adjusting 
the pH by adding concentrated HCl. Ignore the instructions 
in Soil Survey Special Report number one on this point. An 
obvious printing error was made. Start by adding 5 ml amounts 
of ÎKÎ1. This amount usually lowers the pH of the solution 0.5 
pH units. Adjust to pH 8.2 and let stand overnight and check 
again. TEA can be used to raise the pH. The pH of this solu­
tion should be checked daily while using. The solution should 
also be left for a half an hour after shaking before use. 
2. BaClg Replacement Solution; for 18 liters dissolve 
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1,100 grams of BaClg into 8 liters or so of distilled COg free 
water. Add 125 ml of extracting solution from the reagent 
above. Fill to volume with distilled COg free water. 
3. Bromocresol Green Indicator: add 0.55 grams of 
bromocresol green reagent powder to 240 ml absolute alcohol 
without drinking any. 
Procedure for exchangeable aluminum 
The procedure for KCl Ex A1 extraction and aluminon 
colorimetric determination follows the method of McLean (1965)» 
Procedure: 
1. Weigh 5 grams of sample into 125 ml Erlenmeyer flasks. 
Usually 20 samples are run at a time. 
2. Add approximately 50 ml of 1 N KCl solution and swirl 
every 10 to 15 minutes for an hour. Then filter the solution 
through a Whatman number 1 filter into a 100 ml volumetric 
flask. 
3. Wash filtered residue with 1 N KCl until 100 ml 
volume is reached. 
4. Pipette 2 ml aliquots into a 50 ml volumetric flask. 
Also prepare a set of standards. 
5" Add approximately 15 ml of distilled water to all 
samples. 
6. Add 2 ml of thioglycolic acid solution to reduce the 
iron. 
7. Using the safety pipette filler, add 10 ml aluminon 
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reagent to all samples and fill to volume with distilled water. 
8. Place in a water bath and boil for 4 minutes. After 
boiling let cool for a minimum of 2 hours. Samples can stand 
for about 36 hours at this point without damage. 
9. On a colorimeter run the percent transmittance at 
530 mu. and record the values. 
10. Make a standard curve from the standards and read 
the amount of Ex A1 from the curve. 
Reagents t 
1. Make 1 N KCl extracting solution by adding 7^ .5 grams 
of KCl to one liter of distilled water. 
2. Make aluminon reagent by dissolving 0.8 gram aluminon 
powder reagent in 100 ml distilled water. Add 400 ml of 
reagent #10 (see below) to this solution, place whole amount 
in a 2 liter volumetric, and bring to volume by addition of 
distilled water. 
3« Reagent #10 is a buffer solution at pH 4.2. Place 
60 ml of glacial acetic acid in a 2 liter flask with 840 ml 
of distilled water. Add 100 ml of 10^  NaOH. Check the pH 
and adjust to 4.2 with additions of either NaOH or glacial 
acetic acid. 
Soil reaction (pH) 
pH measurements were conducted in a 0.01 M CaClg solu­
tion with a liquid to solid ratio of 2:1 after the methods 
of Peech (1965b) and Schofield and Taylor (1955). The pH was 
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measured using an Orion glass electrode on a Fischer Accumet 
Model 420 Digital pH Ion meter. All pH values used in this 
study are pH as measured in 0.01 M CaClg unless otherwise 
indicated. 
To 10 grams soil in a 50 ml beaker, add 20 ml of 0.01 M 
CaClg solution and stir the suspension several times (at least 
four) for 30 minutes. Allow to settle for at least 30 
minutes. Place glass electrodes into the partially settled 
suspension and the calomel electrode in supernatant and take 
the pH reading (Peech, 1965b). 
Available phosphorus 
Available phosphorus was determined by a modification of 
Bray 1 method (Bray and Kurtz, 19^ 5) used at the Iowa State 
University Soil Testing Laboratory. The phosphorus is ex­
tracted by this method with a solution of 0.025 N HCl and 
0.03 N using 10:1 extractant to soil ratio. Phosphorus 
is determined by the molybdenum blue colorimetric procedure 
with a Bausch and Lomb Spectronic 20 colorimeter. 
Total carbon 
Total carbon is analyzed in nearly all samples used in 
this study. Because none of the profiles contained any carbon­
ate in the solum, total carbon was assumed to reflect organic 
matter resulting from pédologie action on plant residues. 
Organic carbon and total carbon are used as synonyms in this 
study. The Leco Model 521 High Frequency Induction furnace 
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is used for these determinations using the procedure of 
Tabatabai and Bremner (1970) as modified by the very detailed 
step by step procedure of Miller and Secor (1973). 
Particle size analysis 
Particle size analysis is made by the pipette method of 
Kilmer and Alexander (19^ 9) with calgon as the dispersing 
agent. The method was modified for determination of 2 micron 
clay only. 
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RESULTS OF INVESTIGATION 
Results by Soil Series 
This section presents results of investigation on the 
soil series selected representing the loess soils of southern 
and eastern Iowa. The selection was made by the model pre­
sented earlier (Table 1). The series are grouped by native 
vegetation influence and drainage class. Within each of these 
groups the series are arranged according to increasing stages 
of development. 
The presentation for each series contains four paragraphs: 
the first concerns profile morphology and series classifica­
tion; the second concerns landscape position and setting; the 
third summarizes cation exchange capacity, base saturation, 
and available phosphorus data; the fourth compares selected 
acidity information from the three measures of acidity either 
by actual values determined during the study or by within 
profile regression correlations determined from the data. 
Prairie soils, somewhat poorly drained 
This group includes the Muscatine, Mahaska, Grundy, and 
Seymour soil series. They all are Aquic Argiudolls. Muscatine 
soils are in the fine-silty family and the other series are 
in the fine family. 
Muscatine series Muscatine soils are minimally de­
veloped (stage I) soils. Typically these soils have thick 
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black silty clay loam A horizons. The A horizon in the study 
profile ranges from 31 to 3^  ^clay. The B horizon is a 
mottled gray brown medium silty clay loam. The maximum clay 
in the study profile is 35*2^  which occurs at a 20-inch depth. 
B/A clay ratio should be over 1.2 to qualify for an Argiudoll, 
but in the study profile the B/A clay ratio is only I.13. Or­
ganic carbon is over yfo in the surface layer and over Vfo to 
a 20-inch depth. 
Usually Muscatine soils are found on moderately wide up­
land ridges and divides with slope gradients between 0 to 3^  
in deep Wisconsin loess. Muscatine had tall prairie grasses 
as native vegetation. Muscatine is the prairie member of a 
biosequence with transitional Atterberry and forested Strong-
hurst series. Muscatine is the somewhat poorly drained member 
of the drainage sequence containing the well drained Tama 
series and the poorly drained Garwin series. 
CEC ranges from 32 to 25 meq/100 g in the solum. A 
bimodal distribution with maximum values in the surface 
(organic matter maximum) and in the B horizon (clay maximum) 
occurs. The base saturation is minimal (79^ ) in the A horizon 
and increases with depth. AP is high in the A horizon and has 
a distinct minimum in the B horizon corresponding to the 
maximum clay. 
EA is maximum in the A horizon (I3 meq/100 g) and de­
creases with depth (Figure la). From the A12 horizon downward 
there exists a highly significant relationship with organic 
Figure 1. Depth versus clay, EA, and Ex Al in somewhat 
poorly drained prairie soil series 
a. Muscatine 
bo Mahaska 
c. Grundy 
d. Seymour 
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carbon (r=.947). pH declines from 5.3 in the surface to 4.7 
in the lower A horizon and increases to 5-3 again in the B3 
horizon. pH significantly correlates with clay (r=-.864). 
Only minor amounts of Ex A1 are observed ranging from 0 to 0.3 
meq/100 g. 
Mahaska series Mahaska soils are medially developed 
(stage II) soils. Typically these soils have thick black silty 
clay loam A horizons. The B horizons are mottled grayish-
brown and olive brown with light silty clay to heavy clay loam 
textures. In the study profile clay ranges from 30.8# in the 
A horizon to a maximum value of 38.90 in the B2t horizon with 
a B/A clay ratio of 1.25. A horizon and B1 horizon have over 
1^  organic carbon which varies up to yfo in the Ap horizon. 
Mahaska soils occur on moderately wide to wide loess 
covered summits of ridges and divides. Slopes range from 0 to 
yfo, Mahaska soils are associated with Nira soils which occur 
on beveled side slopes. Mahaska forms a drainage sequence 
with well drained Otley and poorly drained Taint or soils. 
Native vegetation was tall prairie grass. Mahaska is the 
prairie member of the Mahaska-Givin-Keomah biosequence. 
CEC for these soils is quite high in all horizons of the 
solum ranging from 32 to 33 meq/lOO g in the A horizon to 33 
to 34- meq/lOO g in the B2 horizon. Base saturation increases 
with depth and inversely follows the distribution of EA. AP 
is low in the A and upper B horizons. AP declines from the 
plow layer (16 ppm) to the B1 horizon (7 ppm) and increases 
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abruptly to a maximum in the upper B3 horizon (2? ppm). 
EA is at a maximum in the A horizon (over 13 meg/100 g) 
and decreases with depth (Figure lb). The high positive corre­
lation with organic carbon (r=.910) illustrates similarity in 
distribution. -EA is not significantly correlated to pH (r= 
.715) but the high correlation coefficient suggests a relation­
ship. Ex A1 is not present in large amounts in the study pro­
file (0.3 meq/100 g maximum). Little variance in the pH values 
occurs. The Ap has a pH of 5«0 and the A12 horizon has 4.7 
value which is the profile minimum. The pH increases with 
depth from this horizon. 
Grundy series Grundy soils are well developed (stage 
III) soils. They have very dark brown to black silt loam or 
light silty clay loam A horizons. The clay content of the 
A horizon in the study profile ranges from 33 to 35% clay. 
Organic carbon in the A horizon ranges from 2.7 to 1.752. The 
B horizon is a dark grayish-brovjn silty clay or heavy silty 
clay loam. The B horizon may range up to 0^^  in clay series 
wide, but the study profile has a clay maximum of 43.<0!. 
Organic carbon in the study profile varies from over Vfo in the 
upper B to less than 0.3^  in the B3 horizon. The B/A clay 
ratio of the study profile is 1.3* 
Grundy soils form in deoxidized and leached Wisconsin 
loess. These soils occupy sloping ridge tops and perhaps 
beveled side slopes, although some evidence exists to dispute 
the latter (McKim, 1972). Native vegetation was tall prairie 
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grasses. These soils form a biosequence with Pershing 
(transition) and Weller (forest) soils. Grundy forms a 
drainage sequence with the poorly drained Haig series. 
No well drained soils are recognized on these landscapes. • 
CEC varies little in the upper solum of the study profile. 
Base saturation increases with depth. AP decreases from the 
A horizon to the A3 and remains steady in the remainder of 
the solum. EA declines steadily from the maximum in the Ap 
horizon with depth (Figure Ic). pH values trend higher in a 
similar fashion. EA declines from I3.0 meq/100 g at the 
surface to 3.4 meq/100 g at 33 inches. pH increases from 
4.8 in the A horizon to 6.0 at 33 inches. Ex A1 is not 
abundant in this profile and does not exceed 0.4 meq/100 g. 
EA correlates with high significance to pH (r=-.902) and 
organic carbon (r=.986), and AP (r=.987). However, EA does 
not correlate significantly with clay (r=-.427). 
Seymour series Seymour soils are highly developed 
(stage IV) soils. They typically have very dark gray silt 
loam A1 horizons. The texture is a light silty clay loam or 
silt loam. The range of clay in the study profile (P78O) is 
26 to 30^ » Organic carbon ranges from 2.4^  in the Ap down 
to 1.0^  in the A3 horizon. The clay content in the A horizon 
increases gradually to the dark grayish-brown silty clay 
mottled B horizon. Maximum clay ranges from 48 to 559^  series 
wide. Clay maximum (53^ ) in P780 occurs in the upper B2t. 
B/A clay ratio is 2.1. Organic carbon in the B2t decreases 
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from 0.8 to 0.3^  with depth. 
Most of the Seymour soils are on convex ridgetops and 
side slopes surrounding nearly level upland divides in loess 
covered Kansan till plains. Slopes range from 2 to 9fo, 
These somewhat poorly drained soils form a drainage sequence 
with the poorly drained Edina soils. Native vegetation was 
tall prairie grasses. Seymour is the prairie end member of 
the Seymour-Khiffin-Rathbun biosequence. 
CEC and clay have similar profile distributions. CEC 
ranges from a low in the A horizon of 26 meq/100 g to a 
high in the B2t horizon of 46 meq/100 g. Base saturation is 
lowest in the surface horizon (56^ ) and increases with depth. 
AP is low in this profile. AP ranges from a maximum of 16 ppm 
in the surface horizon and lower portion of the B2t horizon 
to 9 ppm in the B1 horizon. 
EA in Seymour profile P780 is bimodal. The profile 
maximum occurs in the surface horizon (12.7 meq/100 g). EA 
drops to 10 meq/100 g in the A3 horizon and increases again 
in the upper B2t horizon (11.6 meq/100 g) (Figure Id). From 
the B2t downward EA drops sharply. pH is lowest however in the 
lower A horizon (4.7). In the A horizon and upper B horizon 
very little variance in pH is observed (less than 0.2 pH 
units). Ex A1 is sparse in Seymour soils. P780 contains only 
0.4 meq/100 g as a maximum amount. EA significantly corre­
lates with pH (r=-.800) and organic carbon (r=.815) but not 
with clay (r=-.470). pH does not correlate significantly with 
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organic carbon (r=-.5^ 5) or with clay (r=.585). 
Prairie soils, poorly drained 
This group includes the Garwin, Taintor, Haig, and Edina 
soil series. The Garwin is a Typic Haplaquoll. Taintor and 
Haig are Typic Argiaquolls. Edina is a Typic Argialboll. 
Garwin series Garwin soils are minimally developed 
(stage I) soils. Typically the A1 or Ap horizon is a black 
silty clay loam. The B horizon is a mottled dark gray 
medium silty clay loam grading to lighter, grayer colors with 
depth. Garwin soils have large amounts of organic carbon 
within the A horizon. The study profile has over Vfo organic 
carbon to a depth of 24 inches. The A horizon averages over 
2.% organic carbon. The clay content of this profile is 
maximum in the upper B horizon. The profile has a B/A clay 
ratio of 1.33 which is high for Garwin soils. Penton (1966) 
reported on a Garwin soil that reached the maximum clay in 
the A horizon and had a B/A clay ratio of 0.85. Probably 
this value is more typical for soils of this series. Most 
Garwin soils have a medium silty clay loam texture in the A 
horizon and B1 horizon which becomes slightly lighter in 
texture with depth. 
Garwin soils are found in level or nearly level (0-1# 
slope) landscapes in deep Wisconsin loess at heads of drains 
or in small upland depressions. These soils are poorly 
drained with tall prairie grasses or sedges for native 
67 
vegetation. Garwin forms a drainage sequence with somewhat 
poorly drained Muscatine soils and well drained Tama soils. 
Garwin is the prairie member of the Garwin-Walford-Traer bio-
sequence. 
CEC in the study profile is high (30 to 33 meq/100 g). 
CEC varies little throughout the solum. Base saturation in­
creases with depth from 72?? in the Ap to 88^  at 30 inches. AP 
values are low ranging from a maximum of 21 ppm in the A1 to 
an A3 profile minimum of 7 ppm. AP does not correlate with 
any of the other soil properties measured. 
EA is highest in the A1 horizon and decreases with depth 
(Figure 2a). The range measured is 11.8 meq/100 g at the 
surface to 3,6 meq/100 g at 40 inches. EA correlates sig­
nificantly with pH (r=-.725) and has a negative correlation 
with clay (r=-.715). Organic carbon and EA highly signifi­
cantly correlate (r=.863). Only trace amounts of Ex A1 occur 
in this profile. 
Taintor series Taintor soils are medially developed 
(stage II) soils. Typically Taintor has a black silty clay 
loam A horizon. Clay content varies from light to heavy silty 
clay loam. Clay content in the study profile ranges up to 42^  
clay in the A horizon. Ap horizon organic carbon varies from 
nearly 4^  in the plow layer to around in the A3. The B 
horizon is mottled dark gray and olive gray silty clay grading 
downward to silty clay loam. Clay maximum in the study pro­
file occurs in the B1 horizon with 43^  clay. The B/A ratio 
Figure 2. Depth versus clay, EA, and Ex Al in poorly 
drained prairie soil series 
a. Garwin 
b. Taintor 
c. Haig 
d. Edina 
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of the study profile is 1.14. Organic carbon in the B 
hori7.on aver. O.yfo. 
Taintor soils occur on broad upland divides with slopes 
less than 2fo in deep Wisconsin loess. Taintor is the poorly 
drained member of the drainage sequence which includes the 
well drained Otley and somewhat poorly drained Mahaska soils. 
The Sperry, which is another associated poorly drained soil 
but with a prominent Albic A2 horizon, occurs in depressions 
surrounded by Taintor. Native vegetation of Taintor soils 
was tall prairie grasses. Taintor is the prairie member of 
the Taintor-Rubio-Rushville biosequence. 
CEC is maximum in the surface horizon and declines with 
depth. The base saturation is very high in this profile at 
all depths. AP is low in this profile with a B2 horizon 
minimum (3 ppm). EA is very low. The highest values occur 
in the A horizon and decline with depth (Figure 2b). The 
minimum pH (5.1) is found in the A horizon. No measureable 
Ex A1 is recorded in this profile. EA correlates to pH 
(r=-.907) and organic carbon (1=.924) and pH also correlates 
to organic carbon (r=-.871). EA has an insignificant corre­
lation value with clay (r=.183). 
Haig series -Haig soils are well developed (stage III) 
soils. Typically Haig soils have black silt loam A horizons. 
The range of texture in the A horizon is from medium silt 
loam to light silty clay loam. In the study profile clay 
content of the A horizon ranges from 25 to 275». A horizon 
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organic carbon ranges from 2.7^  in the Ap down to Z . Z f o ,  The 
B horizon of Haig soils is a silty clay that is dark colored 
in the upper part and becomes lighter colored with depth. 
Organic carbon in the study profile averages about 1% in the 
B2t horizon. Maximum clay content is ^ 9*5^  occurring at 24 
inches. Typically the Haig series has maximum clay values 
ranging from 42 to 50^  clay. The B/A clay ratio in the study 
profile is 1.95* 
Haig soils occur on nearly level to flat upland divides 
of loess covered Kansan till plains or in small depressions 
and head of upland drainages. Haig soils are poorly drained 
members of the Grundy-Haig drainage sequence. Native vegeta­
tion was tall prairie grasses. Haig forms a biosequence with 
the transitional Belinda and the timbered Beckwith soils. 
CEC increases about 10 meq/100 g from the Ap to the clay 
maximum. Base saturation is a minimum in the A horizon and 
increases with depth. AP is high in the A horizon and de­
creases to a minimxim in the lower B2t horizon. 
EA is maximum in the A1 horizon just below the plow 
layer and decreases steadily with depth (Figure 2c). Ex A1 
is not found in amounts greater than 0.1 meq/100 g in this 
profile. The minimum pH value is 4.8 in the A horizon and 
the upper B horizon. The pH is over 5» 6 in the B3 horizon. 
EA correlates with pH (r=-.896) and organic carbon (r=.86l) 
but does not correlate significantly with clay. 
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Edina series Edina soils are highly developed (stage 
IV) soils. These soils have dark colored silt loam Ap or A1 
horizons and gray silt loam A2 horizons. The B horizon is 
mottled very dark gray silty clay to clay. Maximum clay con­
tent ranges from 48 to 60% series wide. Organic carbon in 
the study profile is about 1% in the B2t horizon. The A 
horizon has about 2% organic carbon. The B/A clay ratio is 
in excess of 2.0 in this series. 
Edina soils occur on nearly level divides on loess 
covered Kansan till plains. The slopes on the upland levels 
usually are less than 2%, Edina soils are poorly drained and 
form a drainage sequence with Seymour. Native vegetation was 
tall prairie grasses. Edina forms a biosequence with transi­
tional Appanoose and forested 260X soils. 
CEC and clay have similar profile distributions. CEC 
ranges from 17 meg/100 g in the A2 to 40 in the B2t horizon. 
Base saturation is lowest in the surface horizon (71?^ ) and 
increases with depth. AP declines with depth from the surface 
horizon (27 ppm) to the lower B2t horizon (4 ppm). 
EA has a bimodal profile distribution (Figure 2d). EA 
declines from the surface horizon (9 meq/100 g) down to the 
lower A2 horizon (7 meq/100 g), increases again in the B2t to 
a maximum (10 meq/100 g) and declines with depth from this 
horizon. pH drops from 5«1 in the surface to 4.7 in the A2 
horizon and remains 4.7 from 6 to 24 inches. Only trace 
amounts of Ex A1 are observed in this profile. No significant 
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correlations are found between any of the acidity parameters 
and the measured soil properties. 
Transition soils, somewhat poorly drained 
This group includes the Atterberry, Givin, Pershing, and 
Kniffin soil series. These series are all classified as 
Udollic Ochraqualfs. Atterberry is in the fine-silty family 
and all the others are in the fine family. 
Atterberry series Atterberry soils are minimally 
developed (stage I) soils. These soils have dark A1 or Ap 
layers with grayish-brown silt loam A2 horizons. The organic 
carbon content of the A horizon of the study profile ranges 
from 1.0 to 2.3^ . The B horizon is a lightly mottled silty 
clay loam. 
Atterberry soils occur on nearly level to gently sloping 
upland divides in thick Wisconsin loess. Typically these soils 
occur between the prairie and forest areas, forming a biose-
quence with Muscatine and Stronghurst. Atterberry is the 
somewhat poorly drained member of a drainage sequence with 
well drained Downs and poorly drained Walford series. 
CEC appears to vary as a function of clay content. The 
A horizon values are low in this profile and increase to a 
maximum in the clay maximum. Base saturation is bimodal 
with a minimum in the lower A horizon. 
EA and Ex A1 profile distributions follow clay distribu­
tion (Figure 3a). Low amounts of both EA and Ex A1 occur in 
Figure 3» Depth versus clay, EA,and Ex A1 in somewhat poorly 
drained transition soil series 
a. Atterberry 
b. Givin 
c. Pershing 
d. Kniffin 
Dcrrx ( inch t i )  Dsmi (Inchii) 
DEPTH ( Inche»)  
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the A horizon. However, this profile does not contain large 
amounts of either EA or Ex Al. pH starts out with 6.5 in the 
A horizon and declines to 4.5 in the B2t, which is the profile 
minimum. 
Givin series Givin soils are moderately developed 
(stage II) soils. Usually the A2 horizon is a very dark 
grayish-brown silt loam. The B2t horizon is a mottled dark 
grayish-brown heavy silty clay loam. The clay contents of the 
study profile (P753) range from I9 to 2yfo clay. The B2t has a 
series wide variance from light to medium silty clay loam. 
The clay maximum in the study profile of 38^  occurs at 29 
inches. The B/A clay ratio of this profile is 1.6. The A 
horizon contains over 1% organic carbon and the B2t averages 
around 0.4^  organic carbon. 
Givin occurs in deep loess on interfluve summits or in 
cove positions at the head of drains. The slopes range from 
1 to 5^ » The native vegetation was deciduous trees and 
tall prairie grasses. Givin is the transition member of the 
biosequence with Mahaska (prairie) and Keomah (forest). Givin 
is the somewhat poorly drained member of the sequence with 
well drained Ladoga and the poorly drained Rubio soils. 
CEC closely follows the clay distribution, with low 
values in the A horizon and increasing to a maximum in the 
clay maximum of the B2t horizon. The AP is high in the plow 
layer (38 ppm) and declines in the upper B horizon to a 
minimum (12 ppm) and increases to the B3 horizon (52 ppm) 
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which is the profile maximum. AP does not appear to follow 
the distribution of any of the other measures used in this 
study. 
EA and pH also follow clay distribution. EA is low in 
the A horizon and increases to a maximum in the B2t (Figure 
3b). This horizon also has the lowest pH measured in the 
profile. EA significantly correlates to pH (r=-.963), Ex A1 
(r=.880), and clay (r=.968) but negatively correlates with 
organic carbon (r=-.912). Similar relationships hold for pH 
with a reversal of sign. Very little Ex A1 is found in the 
profile. Measureable amounts are only found in the S 
horizon, reaching maximum of 1.5 meq/100 g. 
Pershing series Pershing soils are well developed 
(stage III) soils. Typically these soils have dark grayish-
brown silt loam A2 horizons. The range of clay in the A2 
horizon of the study profile is from 22.6 to 25.70. The B 
horizon is a mottled grayish-brown and yellowish-brown silty 
clay with the amount of clay ranging from 42 to ^ 8^  in the 
B2t. The organic carbon content is over 1% in the upper foot 
of profile but decreases rapidly with depth, averaging 0.k% 
in the B2t. 
Pershing soils form in loess on uplands of Kansan and 
Nebraskan till-plains. These soils occupy better drained 
landscape positions. Textural development impedes water move­
ment and well drained soils are not found in these areas. 
Pershing forms a drainage sequence with poorly drained Belinda 
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soils. The native vegetation was mixed prairie grasses and 
 ^deciduous tress. The Pershing is the transitional member of 
the biosequence containing Grundy (prairie) and Weller (forest). 
CEC in the A horizon increases abruptly to the B horizon. 
Base saturation is at a minimum in the A2 and increases down­
ward in the profile. CEC closely follows the clay distribu­
tion. pH values are at the minimum in the lower A2 and B1 
horizons and do not correspond either to organic matter or to 
clay peak values but do correspond with low base saturation. 
AP is low in the study profile above the clay maximum. More 
AP oocurs in the Ap horizon than in the A2 or B1 horizons. 
Below the clay maximum AP increases sharply to profile maximum 
in the B3t. 
EA changes little through the profile and the amounts are 
low (Figure 3c). Maximum EA is found in the horizon with 
maximum clay. The correlation of EA with clay is a signifi­
cant .811. EA also correlates significantly with pH (i=.77^ ) 
and Ex A1 (r=.83^ ). Ex A1 values in the study profile ranges 
from trace amounts to 0.8 meq/100 g. Ex A1 correlates with 
clay (r=.817) and follows the clay distribution pattern in 
this profile. Profile P911 was used as a modal Pershing soil. 
Other profiles that represent the Pershing concept well are 
90A1 and I3IB profiles from Wapello County, Iowa. 
Kniffin series Kniffin soils are highly developed 
(stage IV) soils. These soils typically have dark grayish-
brown silt loam A2 horizons. The study profiles have clay 
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contents of 34 and 37^  in the A horizon. Carbon content is 
high in the A horizon of Kniffin soils. The study profiles 
have over 3.00 organic carbon. The upper part of the B2t hori­
zon had over IjS organic carbon. The B horizon is a dark gray­
ish-brown mottled silty clay. The maximum clay content ranges 
series wide from 48 to 5^ %' 
Kniffin soils occur on convex ridge crests and side 
slopes adjoining nearly level stable upland divides in loess 
covered Kansan till plains. Slope gradients range from 2 to 
The somewhat poorly drained Kniffin forms a drainage se­
quence with the poorly drained Appanoose soils. Native vege­
tation was mixed prairie grasses and deciduous trees. Kniffin 
soils are transition members of a biosequence with Seymour 
(prairie) and Rathbun (forest). 
CEC of the study profile (P903) is unusually high. Maxi­
mum values cf CEC occur in the B horizon corresponding to the 
clay distribution. However, in P904 the. maximum amount occurs 
in the A horizon and has bimodal peaks corresponding roughly 
with clay and organic carbon peaks. 
In profile P903 (Figure 3d) EA is at a maximum in the A 
horizon and drops sharply above the clay maximum. Ex A1 is a 
maximum in the A2 horizon (over 2 meq/100 g) and remains at 
this level below the clay maximum. After 20 inches of depth 
Ex A1 declines to insignificant amounts. EA correlates sig­
nificantly with Ex A1 (r=.670), pH (r=-.937) and organic 
carbon (r=.812). In profile P904, another Kniffin profile, 
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EA correlates with high significance to pH (r=-.93^ ) and Ex A1 
(r=.924) but not to either clay (r=.421) or organic carbon 
(r=.185). pH in P904 correlates with high significance to 
Ex A1 (r=-.967)• 
Transition soils. "poorly drained 
This group includes the Walford, Rubio, Belinda, and 
Appanoose soil series. Walford is a fine-silty Mollic Ochra-
qualf and the rest are fine Mollic Albaqualfs. 
Walford series V/alford soils are minimally developed 
(stage I) soils. The A1 horizon is very dark gray in color 
and usually is thinner than 10 inches. The A2 horizon is a 
gray colored silt loan. The B2t horizon is a mottled grayish-
brown silty clay loam. The A horizon contains nearly all of 
the organic carbon in the study profile (P421), with the A1 
horizon containing over 1.5?^  and the A2 horizon over 0,%. 
The B horizon progressively declines in organic matter from 
0.45 to 0.319^ . The clay content of the A horizon is less 
than 25^  and B1 horizon has about 30^  clay. The B2t horizon 
iranges from 36 to Clay maximum occurs near the 20-inch 
depth. B/A clay ratio is 2.16. 
Walford soils occur on level or nearly level loess covered 
upland divides or ridges in small flats or depressions. The 
native vegetation is tall prairie grasses and deciduous trees. 
These soils are usually saturated during some part of the year. 
Walford soils form a drainage sequence v/ith the well drained 
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Downs and the somewhat poorly drained Atterberry. The 
transitional Walford forms a biosequence with Garv/in (prairie) 
and Traer (forest). 
Base saturation is quite high and changes little with 
depth in the study profile. CEC has a large variance in the 
profile changing from nearly 16 meq/100 g in the A horizon to 
nearly 30 meq/100 g in the B horizon. The maximum CEC corre­
sponds to the maximum clay content. The AP in the A1 horizon 
is quite high (36 and 18 ppm) but drops sharply to 8 ppm in 
the A2 and 9 ppm in the upper B horizon. A sharp increase 
occurs from the upper B to the B2t (23 ppm), 
EA is very low in the A horizon and does not exceed 5-0 
meq/100 g. Maximum values are found in the B2t horizon 
(Figure 4a). EA correlates with high significance to pH 
(r=-.921) and to clay (r=.976). A significant negative corre­
lation with total carbon occurs (r=-.776). pH ranges from 
6.7 in the A to 4.6 in the B2t horizon and increases again 
in the B3 horizon. pH correlates to clay (r=-.959). Only 
small amounts of Ex A1 are measured in this profile (maximum 
of 0.5 meq/100 g). The distribution patterns follov/ EA. 
Rubio series Rubio soils are medially developed 
(stage II) soils. Typically these soils have dark gray silt 
loam A2 horizons. The B2t horizons are mottled gray and olive 
gray with light silty clay textures. The organic carbon in 
the study profile is about 1»5% in the A horizon and averages 
about 0.70 in the B2t horizon. The B/A clay ratio is 2.3. 
Figure 4. Depth versus clay, EA, and Ex Al in poorly drained 
transition soil series 
a. Walford 
D. Rubio 
G. Belinda 
d. Appanoose 
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Ru"bio soils occur in depressions or on nearly level upland 
flats in deep Wisconsin loess with slope gradients of less than 
25S, Rubio forms a drainage sequence with the moderately well 
drained Ladoga and the somewhat poorly drained Givin soils. 
Rubio had a native vegetation of both tall prairie grasses 
and deciduous trees. The biosequence containing Rubio also 
contains Taintor of eastern Iowa and Winterset of western Iowa 
as prairie representatives and Rushville soils as forest 
representative s. 
CEC, clay distribution and EA appear to have similar dis­
tributions with all peak values occurring in the same horizon 
in the study profile. AP has an inverse distribution of EA in 
this profile. Higher EA corresponds to lower Ap values. EA 
is low in the A and increases to a maximum in the B2t (Figure 
4b). pH values range from 6.4 in the A horizon to 4.8 in the 
B2t horizon. Ex A1 reaches the peak values in the lower A 
horizon and maintains about the same values through the B2t 
horizon. EA correlates to pH (r=-.874). Ex A1 (r=.734), and 
clay (r=.890), but has a negative correlation (r=-.733) with 
organic carbon. 
Belinda series Belinda is a well-developed (stage III) 
soil. Belinda soils have a very dark gray silt loam A1 and Ap 
horizons with distinct dark gray and grayish-brown platy silt 
loam A2 horizons; clay content usually is less than 25^  and 
organic carbon content is around Vfo in the A horizon. The B 
horizon is marked by an unusually abrupt textural change to a 
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mottled dark grayisii-brown silty clay (Figure 4c). The B2t 
contains typically 4-2 to 48^  clay. Organic carbon in the B2t 
is around B/A clay ratio in the study profile is 2.9. 
Belinda soils occur on nearly level divides in loess 
covered Kansan till topography. Belinda soils are poorly 
drained members of the Pershing-Belinda drainage sequence. 
Belinda soils are saturated with water during some part of 
the growing season if not artificially drained. The B2t 
horizon displays some gley characters. Belinda is a transition 
soil with native vegetation of both tall prairie grasses and 
deciduous trees. Belinda soils form a biosequence with Haig 
(prairie) and Beckwith (forest). 
CEC and clay are closely related in terms of distribution. 
The abrupt clay increase in the B2t marks a sharp increase in 
CEC. Base saturation which is at a minimum in the A2 horizon, 
increases with depth. Available phosphorus declines from the 
surface to the lower A and the B1 horizons and then increases 
very sharply to a maximum in the lower B horizon. The minimum 
pH recorded is 4.6 in the upper B2t. EA and Ex A1 are low in 
the A horizon and reach maximum values in the upper B horizon 
(Figure 4c). EA significantly correlates with pH (r=-.800), 
Ex A1 (r=.890) and clay (r=.739) within the study profile. 
Appanoose series Appanoose is a highly developed 
(stage IV) soil. These soils have grayish-brown silt loam A2 
horizons with platy structure. Clay content increases abruptly 
from the A2 to the 32t horizon (Figure 4d). Organic carbon 
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is not high in the A horizon (about 1?S). The B horizon is 
mottled dark gray silty clay. The clay maximum usually is 
between 48 to 56%. The B/A ratio for the study profile is 2.8. 
Organic carbon averages 0.?^  in the B2t horizon. A bimodal 
organic carbon distribution occurs in the study profile. The 
full forest member of the biosequence is less extensive and 
no formal series is yet designated. In this study these soils 
are called 260X from the field mapping symbol used in Appanoose 
County. The biosequence then would be Edina (prairie), 
Appanoose (transition), and 26OX (forest). The better 
drained analogue of Appanoose in terms of drainage is 
Kniffin. 
CEC and clay have similar profile distributions in the 
study profile. Base saturation is at a minimum in the A2 
horizon and increases with depth. pH is minimal in the B1 
and increases sharply in the A horizon and increases gradually 
with depth. Ex A1 and EA reach maxima at depths corresponding 
to clay and CEC maxima, but EA and Ex A1 decline from the upper 
B2t much more rapidly than either CEC or clay (Figure 4d). EA 
significantly correlates with clay (r^ .783) and Ex A1 (r=.?^ 5)' 
AP decreases from 23 ppm in the Ap to a profile minimum in 
the upper B2t (5 ppm) and increases fourfold to 32 ppm in 
the B23t2 (26 to 33 inch) increment to a profile maximum in 
the B3t at 48 ppm. Ex A1 versus AP correlates negatively with 
significance (r=-.73^ ) within this profile. 
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Forest soils. somewhat poorly drained 
This group includes the Stronghurst, Keomah, Weller, and 
Rathbun soil series. All of these soils are Aerie Ochraqualfs. 
Stronghurst is in the fine-silty family and the others are in 
the fine family. 
Stronghurst series The Stronghurst soils are minimally 
developed (stage I) soils. The A2 horizon is usually a dark 
grayish-"brown silt loam. In the study profile (P609) clay 
content of the surface layer is 17^  which is minimum for the 
profile. Organic carbon decreases from 1.5^  in the surface 
horizon to 0.55^  in the lower A2 horizon. The B horizon con­
tains about 0,3^  organic carbon. The B horizon ranges from 
to 39?^ clay. B/A clay ratio for P609 is 2.3. 
These soils typically occur on nearly level to gently 
sloping (0-3^ ) ridges and upland divides in deep loess. Drain­
age is somewhat poor. Stronghurst is in the drainage sequence 
which includes the well drained Fayette and the poorly drained 
Traer. Stronghurst is a forest member of the biosequence 
which includes Muscatine and Atterberry. 
CEC follows the distribution of clay in P609 and reaches 
maximum values in the same horizon. However, as CEC increases, 
base saturation decreases to a B2t minimum of 70% from 90$^  in 
the upper A horizon, which is an indication that this soil 
profile may have been limed. 
EA in the A horizon is low (3.0 meq/100 g) and increases 
to 11.4 meq/100 g in the B horizon. EA values remain high in 
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the remaining portion of the solum (Figure 5a). pH decreases 
from 6.8 in the surface to 5*6 in the B1 horizon and reaches 
a minimum of ^ .5 in the B2t horizon. Ex A1 ranges from trace 
amounts in the Ap horizon to 2.2 meq/100 g in the B2t horizon. 
EA does not correlate with pH (r=-.4l2) "but significantly 
correlates with Ex A1 (r=.929)» clay (r=.975)» and negatively 
with organic carbon (r=-.763). pH correlates significantly 
with Ex A1 (r=-.895) and clay (r=.846). 
Keomah series Keomah is a medially developed (stage 
II) soil. The Ap horizon is a dark gray, friable silt loam 
and the A2 horizon is a mottled dark grayish-brown silt loam. 
In the study profile clay ranged from 26^  in the A horizon. 
Only the Ap horizon contains over Vfo organic carbon. Organic 
carbon drops to 0.'7% in the A2 and to O.jfo in the B2t horizon. 
Clay in the B horizon ranges from 31^  in the B1 to a B2t 
maximum of 420^ . B/A clay ratio is 1.9 for the study profile 
(P613). 
Keomah soils usually occur on nearly level loess covered 
upland divides or on gently sloping heads of upland drainage-
ways. The slopes are usually close to 2% but the total range 
is from 1 to 5^ - Native vegetation was deciduous trees. 
Keomah soils are the forest representatives of a biosequence 
with Mahaska (prairie) and Givin (transition) soils. Keomah 
series is the sonev/hat poorly drained member of a drainage 
sequence with Clinton (moderately well drained) and Rushville 
(poorly drained). 
Figure 5* Depth versus clay, EA,and Ex Al in somewhat poorly 
drained forest soil series 
a. Stronghurst 
b. Keomah 
0. V/eller 
d. Rathbun 
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CEC in P613 is low in the surface horizon (13 meq/lOO g) 
and increases very similarly to clay from the A to the B hori­
zon with a B2t maximum of 28 meq/100 g. Base saturation is a 
profile minimum in the surface horizon (72?5) and increases 
with depth. AP declines from the surface (16 ppm) to the 
lower A2 (8 ppm) and increases to a profile maximum in the 
lower B2t and upper B3t (50 ppm). 
EA is low in P613 ranging from B1 horizon (4.6 meq/100 g) 
which is the minimum for this profile, to the B2t (10.4 meq/ 
100 g) which is the profile maximum (Figure 5^ ). The surface 
horizon contains 8.0 meq/100 g. The amount decreases through 
the A2 to the B1 horizon, pH varies little (0.2 pH units) 
from 4.9 in the surface horizon to 4.7 in the upper B2t 
horizon. The profile minimum occurs in the middle of the B2t 
(4.5) and increases with depth. Ex A1 is low in the A hori­
zon. In the B1 horizon 0.8 meq/100 g of Ex A1 are observed. 
The B2t contains from 1.5 to 1.7 meq/100 g of Ex Al. EA 
correlates with high significance with pH (r=-.937) but not 
with Ex Al (r=.600), clay (r=.585) or organic carbon (r=-.281). 
pH significantly correlates with clay (r=-.736) and Ex Al 
(r=-.76l). Ex Al correlates with high significance with clay 
(r=,970) and negatively with organic carbon (r=-.792). 
Weller series Weller soils are well developed (stage 
III) soils. Weller soils typically have brown silt loam A2 
horizons. The study profile (P910) ranges in A horizon clay 
content from 20 to 25^  (Figure 5c). Organic carbon drops 
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sharply from the Ap to the A2 horizon (1.2 to 0.3^ ). The 
B horizon is a brownish silty clay with clay maxima usually 
in the range of 42 to 48^  clay. In P910 the clay maximum is 
47^  and occurs in the 18 to 25 inch increment. B/A clay 
ratio in P910 is 2.4. Organic carbon in the B horizon averages 
0.2 percent. 
Weller soils occur mostly on convex ridge crests and 
side slopes of upland divides of Wisconsin loess covered Kansan 
till plains. Weller forms a drainage sequence with poorly 
drained Beckwith soils. Weller soils had deciduous trees as 
native vegetation and form a bio sequence with the Grundy 
(prairie) and the Pershing (transition) soils. 
CEC values follow the distribution of clay in the profile. 
The minimum values for CEC and clay occur in the A horizon 
and increase at least twofold in the B2t horizon. Base satura­
tion is lowest in the A horizon and increases throughout the 
profile. Base saturation does not exceed 0^% until below 
depth of the B2t horizon. AP in minimal in the A2 horizon 
(9 ppm) and increases to a maximum (52 ppm) in middle of the 
B2t horizon. 
In P910, EA increases from the surface horizon (9 meq/100 
g) to the clay maximum which contains the most EA (18 meq/100 
g). EA declines steadily with depth from the B2t (Figure 5c). 
The range of maximum B horizon EA in all Weller profiles in 
this study is from 16 meq/100 g to 24 meq/100 g. pH declines 
with depth from the surface horizon to a minimum of 4,0 in the 
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B2t. Minimum pH values in Weller profiles in this study range 
from 4.1 to 3.7. Ex A1 distribution appears similar to clay 
and EA in P9IO (Figure 5c). The surface horizon contains 
only trace amounts and B2t contains nearly 6.0 meq/100 g of 
Ex Al. Ex A1 ranges from 3*7 to 9«0 meq/100 g in Weller pro­
files in this study. EA correlates with high significance 
to clay (r^ .902) and Ex Al (r=.899). pH and Ex Al are 
correlated significantly (r=-.859)« A highly significant 
positive correlation occurs between pK and organic carbon 
(r=.892). 
Rathbun series Rathbun soils are highly developed 
(stage IV) soils. Rathbun has a distinct brownish silt loam 
A2 horizon. Clay content of the A horizon increases in most 
profiles of this series from the surface to the AB or B1 
horizon. A horizon texture is usually a silt loam but in some 
profiles a light silty clay loam occurs. Organic carbon can 
be quite high in the surface horizons but decreases abruptly 
in the A2 horizons. The study profile (P906) decreases from 
3.2 to 0.6^  within 8 inches. The B horizon is mottled grayish-
brown silty clay. Clay content increases sharply from the A 
horizon to the B horizon. Clay maximum ranges in clay content 
from 48 to 56^  series wide. Clay content of all I5 Rathbun 
profiles observed in this study fall in this range. 
Rathbun soils typically occur on convex ridge crests and 
side slopes adjoining nearly level stable upland divides in 
loess covered Kansan till plains. Rathbun soils formed 
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partly in oxidized and leached and partly in deoxidized and 
leached Wisconsin loess. Rathbun is associated with the tex-
tural intergrade (260X) "between Beckwith and Marion soils 
series on stable summit flats. Native vegetation was decidu­
ous trees. Rathbun soils are the forested member of the bio-
sequence that includes Kniffin (transition) and Seymour 
(prairie) soils. 
CEC and clay content have similar distribution with depth 
in P906. Maximum value for both measures occur in the upper 
B2t horizon. Base saturation minimum occurs in the A2 horizon. 
From this value base saturation increases with depth (Figure 
5d). AP is low in P906 from the surface (11 ppm) to the lower 
B2t horizon (over 50 ppm). Minimum amounts occur in the A2 
horizon (8 ppm). 
EA is quite high in this profile and follows the distribu­
tion of clay (Figure 5d). Maximum values of clay, CEC, EA, 
and Ex A1 occur in the same horizon. EA correlates signifi­
cantly with pH (r=-.708). Ex A1 (r=.932) and clay (r=.8l7). 
pH correlates with Ex A1 (r=-.847). pH has a high positive 
correlation with organic carbon (r=.939)» Because of the sharp 
decrease in Ex A1 below the clay maximum, Ex A1 does not sig­
nificantly correlate to clay (r=.697). Rathbun soils contain 
the most Ex A1 of any soils observed in this study. Maximum 
profile EA ranges from 19 meq/100 g to 26.4 meq/100 g; Ex A1 
ranges from $.2 to 12.3 meq/100 g; and pH ranges from 4.0 to 
3.7. 
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Forest soils, poorly drained 
This group includes the Traer, Rushville, Beckwith, and 
26OX soils. Traer is a Typic Ochraqualf and the others are 
Typic Alhaqualfs. 
Traer series Traer soils are minimally developed 
(stage I) soils. The A2 horizons are grayish brown silt 
loams. Clay content of the A is 19^  in the study profile 
(P422). Only the Ap horizon contains more than 1^  organic 
carbon. The B2 horizons are mottled grayish brown silty clay 
loams. Maximum clay in P422 is 39% in the B2t (Figure 6a). 
B/A clay ratio is 2.1. 
These soils have developed from deep oxidized-leached 
or deoxidized-leached Wisconsin loess. The Traer soils are 
poorly drained with gleying in the profile. Native vegetation 
was deciduous trees. Traer is the forested member of the 
Garwin-Walford-Traer biosequence. 
GEO follows the clay distribution closely. The lowest 
values are in the A2 and Ap horizons with less than 20 meg/ 
100 g each. The maximum amount (32 meq/100 g) occurs in the 
B2 horizon. Base saturation for this profile is initially 
high in the Ap horizon (84^ ). However, the lowest base 
saturation occurs in the A2 horizon (68^ ). Base saturation 
increases from the A2 horizon with depth. 
EA is low in the A2 horizon (7 meq/100 g) and maximum in 
the B2t horizon (9.2 meq/100 g). EA correlates significantly 
with pH (r=-.903)1 Ex A1 (r=.826), and clay (r=.792). pH 
Figure 6. Depth versus clay, EA, and Ex Al in poorly drained 
forest soil series 
a. Traer 
b. Rushville 
c. Beckwith 
d. 26OX 
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differences and Ex A1 distribution in the profiles are similar 
to EA. pH significantly correlates to clay (r=-.891). pH 
minimum values (4.4) occur in the B1 and upper B2t horizons. 
These horizons also contain the most Ex A1 (2 meq/lOO g). 
Rushville series Rushville soils are medially de­
veloped (stage II) soils. The A2 horizon usually is a light 
gray silt loam. The texture increases abruptly from the A to 
the B horizon in these soils. The B/A clay ratio in the study 
profile is over 3.0. Organic carbon is low in this profile 
(P423). Only in the upper few inches of the A horizon is the 
amount in excess of 1%. 
Rushville soils are located in small depressions or in 
large level upland areas in deep Wisconsin loess. Poorly 
drained Rushville soils are associated with somewhat poorly 
drained Keomah and moderately well drained Clinton soils. 
Native vegetation was deciduous trees. Rushville forms a bio-
sequence with Rubio (transition) and Taintor (prairie) soils. 
CEC has a similar distribution as clay and is low in the 
A horizon but increases sharply in the B2t. In. both clay and 
CEC, maximum amounts occur in the first increment of the B2t. 
Maximum value of EA (15 meq/lOO g) and Ex A1 (3.2 meq/lOO g) 
also occurs in the B2t (Figure 6b), but the pH minimum value 
(4.2) occurs in a deeper increment. AP and base saturation 
steadily increase with depth. EA correlates significantly 
with pH (r=-.797). Ex A1 (r=.988) and clay (r=.975). pH 
correlates to Ex A1 (r=-.852) and clay (r=-.857) and positively 
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correlated to organic carbon (r=.950)« 
Beckwith series Beckwith soils are well developed 
(stage III) soils. Typically these soils have dark gray silt 
loam Ap and grayish silt loam A2 horizons. In the study pro­
file the clay content of the A horizon is 17^ . The Ap has 
Z.Z'fo organic carbon and A2 horizon has 0.5^  organic carbon. 
The B horizon increases abruptly in clay content; the upper 
portion of the B2t contains the clay maximum. The B horizon 
is mottled dark grayish-brown silty clay with gley character­
istics. The maximum clay content usually is in the 42 to 50^  
range. The B/A ratio for the study profile is 3.06. The 
average organic carbon content in the B horizon is about Q.hfo, 
Beckwith soils occur on slightly depressed to flat areas 
on loess covered ridges or uplands with gradients less than 2%. 
Beckwith soils are saturated during some part of the growing 
season when not artificially drained. The poorly drained 
Beckwith is a member of the Weller-Beckwith drainage sequence. 
The native vegetation was deciduous trees. Beckwith soils are 
the forest end member of the Haig-Belinda-Beckwith biosequence. 
CEC follows the clay distribution pattern closely in these 
soils. The lowest CEC values occur in the A horizon and in­
crease very sharply with the abrupt clay increase in the upper 
B2t horizon. Base saturation increases steadily with depth 
in the profile from a minimum within the Ap horizon. AP is 
high in the Ap and low in all other horizons down to the B3t. 
The minimum value occurs in the B1 horizon (6 ppm). 
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EA is minimum in the A2 horizon and reaches a maximum 
value in the upper B2t horizon (Figure 6c) closely following 
CEC and clay. The correlation with clay is a significant 
r=.805. EA also correlates with Ex A1 (r=.843). pH varies 
little in this profile and does not correlate significantly 
with the other properties measured. Ex A1 significantly 
correlates with clay (r=.899)» 
26OX (mapping unit) 260X soils are highly developed 
(stage IV) soils. The A horizon is a light colored silt loam 
ranging in the study profile only from 20 to 2Vfo clay. From 
the A to the B horizon an abrupt 21 to 5^  ^increase in clay 
occurs. The latter amount is the profile maximum and is found 
in the upper increment of the B2tg horizon. 
AP is low in the A2 and upper B2tg (5 ppm) in this profile. 
Lower in the B2tg, AP increases to 40 ppm. 
EA is low in the A horizon (3 to 9 meq/100 g) but in­
creases to 19 meq/100 g abruptly in the B2tg horizon and de­
creases in the B3 horizon (Figure 6d). pH ranges widely in 
the A horizon; the amount decreases from 6.9 in the Ap to 4.3 
in the lower A2. Minimum pH (4.1) occurs in the upper B2tg. 
Only low amounts of Ex A1 are found in the A horizon but 4.5 
meq/100 g occur in the upper B2tg. EA correlates with sig­
nificance to pH (r=-.849). Ex A1 (r=.919), and clay (r=.960). 
pK and Ex A1 are also correlated significantly (r=-.755)-
Organic carbon as an inverse relationship correlates with 
significance to EA (r=-.746) and pH (r=.942). 
101 
Available Phosphorus Results 
AP data were collected from all profiles but because of 
the stress upon acidity, only the Weller and Rathbun profiles 
are considered here. For more information on the regional 
change in AP the reader is referred to Tembhare (1973)» 
Tembhare has AP data on most of the soil series used in this 
study and many additional ones. 
Bray 1 available phosphorus (AP) in Weller soils apparent­
ly has two distributions (Figure 7b). The amount of AP de­
creases from the surface to a low in the AB or B1 horizons in 
these profiles. However, below the B1 horizon, AP increases 
abruptly in profiles P910 and II. In the more acid P909 and 
I4 the increases in B horizon AP is noticeably smaller and 
deeper in the profile. The Ex A1 and EA in the eluvial portion 
of P9IO follow about the same trends (Figure 7d). However, 
below the clay maximum AP reaches high amounts while EA and 
Ex A1 decline with depth. 
In the Rathbun series, only small amounts of AP are found 
above 25 inches (Figure 7a). AP is low in both the eluvial 
portion of the profile and most of the illuvial portion. 
Little variance is observed in profiles within the Rathbun 
series (Figure 7a). By appearance AP may be negatively 
correlated to EA and Ex A1 (Figure 7c). 
Figure ?. Relationship of AP and profile depth in Rathbun 
and Weller soils 
a. Variation in AP with depth in four profiles 
of Rathbun 
b. Variation in AP with depth in four profiles 
of Weller 
c. Comparison of AP, Ex Al, and EA with depth 
in Rathbun 
d. Comparison of AP, Ex Al, and EA with depth 
in Weller 
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Results of Investigations from Detailed Transects 
This phase of the investigation embodies several studies 
concerned with detailed examinations of landforms and natural 
vegetation modifications observed in selected small areas. 
The first study tests soils on a single partial biose-
quence transect from transition to forest soils in order to 
trace the progression of change in EA and Ex Al. In the same 
study, auxilliary side slope transects are examined. As the 
strongest differences observed were between Pershing and 
Weller soil series, these series were selected for study. 
Additional study areas include the detailed landscape charac­
terization of the Rathbun and Weller series, the most acid 
series of this study. The site studies were made on locations 
of modal examples of the series and represent a cross-section 
of slope and ridge positions in a single landscape (Figure 37)» 
In each case, a major transect traversed the principle inter-
fluve from broader divide summits to the nose slope. Side 
slope, nose slope and head slope soils were also studied. 
The following discussion summarizes pertinent information 
on these detailed site studies: the first, a biosequence 
study from Wapello County (Figure 36); the second, the head-
slope transects from Appanoose and Lucas Counties; the third, 
ridge transects including nose slope profiles from the same 
counties; last, the side slope profiles from all three 
counties. The complete profile data are in Appendix I. 
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Profile descriptions of these soils are given in Appendix II. 
Pershing-Welle r transect 
Nature of the transect Open upland loess covered areas 
in Wapello County appear to have had native tall prairie 
grasses as the dominant native plant community at the time of 
settlement. In more dissected rugged loess covezred ridges, the 
native plant communities were dominated by oak-hickory trees. 
Between these plant communities a boundary zone or ecotone 
exists that was composed of both types of plant communities. 
Progressive changes in soil morphology can be observed 
across an ecotone. White and Riecken (1955) had earlier studied 
transition and forest soils. They found that soils of the 
ecotone (transition soils) had morphological features inter­
mediate between the prairie and forest end members. Chemically, 
however, transition soils tended to resemble the forest end 
more. Crop suitability appears to be intermediate (Fenton 
et al., 1971). 
In the selected transect area, Pershing soils were mapped 
on the major upland divide and Weller on the ridge trending 
perpendicular to the divide (Figure 36). On further in­
vestigation a progression of morphological changes was observed 
from the divide summit with distinctive Pershing properties 
down the ridge to a profile with Weller morphological char­
acteristics which persisted to the nose of the loess covered 
ridge. 
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Soil color The significant color variation that 
differentiates these profiles occurs in the A2 horizon. Dis­
tinctly Pershing profiles, 90AII and 90A1, in addition to 
the upper intermediate profile 9OA3 have dark grayish brown 
(10YR4/2) colors. Distinctly Weller profiles, 9OA8 and 90A9, 
in addition to the lowest intermediate profile 9OA6 have 
yellowish brown (10YR5/3 and 5/^ ) colors (Figure 36). The 
profile descriptions are in Appendix II. 
Total carbon Profile distribution and absolute amounts 
of total carbon vary little from one end of the transect to 
the other (Appendix I). 
Clay B/A clay ratios of 2.0 or more separate the up­
land divide profiles from the ridge profiles (Table 4). Clay 
maximum and depth to clay maximum do not differentiate the 
profiles of this transect meaningfully. Percentage clay in the 
B horizon is remarkably uniform (Figure 8b). Maximum clay 
ranges from 42 to 48^ . The profiles at the extremes of the 
transect have the least amount of clay (9OAII, 42.9^  and 
9OA9, 42.2^ ). The B/A clay ratios decline from over 2.0 in 
the upland profiles (90AII and 90AI) and stay about even for 
the profiles on the ridge proper (9OA3 on down). Depth to the 
clay maximum is nearly the same, averaging approximately 18 
inches. Using maximum clay as the dependent variable and 
landscape class as the independent variable a nonsignificant 
(r=-.31) correlation is found. 
Table 4. Data summary for the Pershing-Weller transect 
Profile 
no. 
A2 horizon 
color 
Clay 
, # .a (max) 
pH 
(min) 
EA 
meg/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
Landscape 
class 
no. 
B/A 
olay 
ratio 
90A11 10YR4/2 42.9 4.8 8.8 0.6 1 2.17 
90A1 10YR4/2 4-7-7 4.5 10.8 0.8 2 2.87 
90A3 10YR4/2 W.2 4.3 15.0 1.8 3 1.66 
90A6 10YR5/4 4.2 15.0 2.5 4 1.88 
90A8 10YR5/3 k h . 7  4.2 15.6 3.7 5 1.85 
90A9 10YR5/4 42.2 4.1 16.4 3.7 6 1.77 
Correlation coefficient^  -.3INS 
-.93** .92** .98** 
M^ax is highest value in profile. 
B^/A clay ratio is the max amount of B horizon clay divided by minimum amount 
of A horizon clay. 
®NS = not significant at the 0.05 probability level; "^ s^ignificant at the 0.01 
probability level. 
Figure 8. Key profiles of Pershing-Welier ridge transect 
a. Ex A1 versus depth 
b. Clay versus depth 
c. EA versus depth 
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Exchange acidity The profiles in the upland divide 
(9OAII and 9OAI) contain distinctly lower peak amounts of EA 
than the four profiles on the ridge proper (Figure 8c). Maxi­
mum values in all profiles occur in the B2t horizon associated 
with maximum profile clay. The lower four profiles have over 
4 meq/100 g more EA than the divide profiles in the B horizon. 
Landscape class correlates ^ ;ith hi^ i significance to EA 
(r=0.92). 
pH pH distinctly declines from a maximum in the sur­
face horizon to a minimum in the B horizon in all profiles. 
Profile 90AII has higher values in all horizons. The remain­
ing profiles have similar pH values declining steadily from 
90AII to A9 (Figure 36). Landscape class correlates with 
high significance to pH (r=-.93). 
Exchangeable aluminum As the assumed forest influence 
and distance down the ridge increase, Ex A1 increases (Figure 
8a). The principal upland Pershing sites (9OAII and 9OAI; 
Figure 36) contain less than 1 meq/100 g; the intermediate 
Pershing-like site (9OA3) contains 1.8 as a maximum value and 
Weller-like intermediate (9OA6) 2.5 meq/100 g as maximum 
value ; and the Weller sites have 3»7 meq/100 g as maximum 
values. In all profiles the A horizon contains less than 
0.5 meq/100 g. Landscape class correlates with high signifi­
cance to Ex A1 (r=0.98). 
Summazv of the Pershing-Weller Transect Table 4 
summarizes the pertinent data of this transect. 
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Color of the B2 horizon differentiates the profiles into 
two groups. More Pershing-like soils have dark grayish brown 
(IOYRV2) colors and Weller-like profiles have yellowish "brown 
(10YR5/3) colors. B/A clay ratio over 2.0 and EA maximum 
under 12.0 meq/100 g separate divide from ridge profiles. 
Ex A1 differentiates the profiles into four distinct groups : 
Pershing with the least Ex A1 progressively to Pershing-like 
intermediate to Weller-like intermediate and to the Weller 
profiles. 
As a test of the relationship of progressive change with 
distance from the divide, a series of landscape classes were 
estimated: class 1 is an upland Pershing class with profile 
9OAII; class 2 is an upland ridge Pershing class with profile 
90AI; class 3 is a Pershing-like intermediate to Weller repre­
sented by profile 90A3; class 4 is a Weller-like intermediate 
to Pershing represented by profile 9OA6; class 5 is a Weller 
ridge profile (9OA8); and class 6 is a Weller ridge-nose 
profile (9OA9). Minimum pH, and maximum values of both EA 
and Ex A1 have a highly significant correlation with these 
landscape classes. 
Head slope transects 
Cove or head of drainage areas tend to be neglected in 
upland studies of topographic positions. Two transects of 
head slopes were made in the present study. The first, 
transect IV in Lucas County, started from a perched wet zone 
112 
above a heavy paleosol and traversed upslope over a distinct 
shoulder onto a large flat, upland divide dominated by poorly 
drained soils (Figure 37b). The Rathbun ridge headslope 
transect in Appanoose County traversed from a small inter-
iluve ridge depression (S 8) over the shoulder position (S 9) 
dovm to a baokslope profile of thin loess over red paleosol 
(S 10) (Figure 37a). In the first transect each profile site 
appears to be quite different, changing according to topo­
graphic position. In the second transect the profiles all 
appear to meet the criteria for the Rathbun soil series. 
Figure 37 has maps of these transects; Appendix II has the 
profile descriptions; and Appendix I has the complete data 
tables. 
Head slope transect. Lucas County 
Position and morphology The upland level and gently 
sloping profiles (IV 4, IV 5t and I 5) are morphologically 
similar fitting closely the concept of the Beckwith series. 
Profile IV 3» which occupies the shoulder position of this 
transect is little eroded, even with a 99^  slope gradient. The 
profile characters are Weller-like. However, some ped coat­
ings are unusually dark in the upper A2 horizon and in the 
B1 horizon. The B horizon contains more mottles high in the 
profile than most Weller profiles. Profile IV 2, located at 
the base of the shoulder in the drainageway, is highly mottled 
but probably would be classified as Weller. Profile IV 1, 
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which is in the drainageway in a perched water table seepage 
area, is a thin gleyed profile that lacks an argillic B hori­
zon. No attempt was made to classify this profile in any 
existing soil series. 
Total carbon Profiles IV 1 and IV 2 contain more total 
carbon in the A horizon than the three profiles that occur at 
higher elevations. Distribution within these profiles is 
quite different. The saturated IV 1 profile has high amounts 
of total carbon throughout the profile. Profile IV 2 has a 
sharp drop in total carbon below 9 inches depth. Total carbon 
is fairly low in the profiles IV 3i and 5 of the transect. 
These profiles contain similar amounts and have similar 
within profile distributions of total carbon. Total carbon 
negatively correlates with high significance to transect 
class (r=-.93). 
Clay As mentioned above, the profile lowest in eleva­
tion, IV 1, does not have an argillic horizon. Distinctness 
of the increasing clay with elevation is illustrated by B/A 
clay ratios. The maximum clay ratio is in the highest profile 
which is IV 5 of the upland level (Figure 37b). The percent 
clay in the B2 horizon increases with this trend reaching the 
highest value recorded in any of these profiles in profile 
IV 4 at the top of the shoulder slope. The depth to clay 
maximum increases with elevation. Maximum clay occurs in the 
surface horizon of profile IV 1. In profile IV 4 maximum clay 
occurs at a depth of 16-22 inches. Clay correlates with high 
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significance to landscape class (r=.93)« 
Exchange acidity EA tends to be low in the A horizon 
and maximum in the B horizon. Maximum amounts in the B hori­
zon and minimum in the A horizon increase up the transect 
from profile IV 1 to IV 5- The upland level sites (IV 4 and 
IV 5) are similar in amount and distribution. EA correlates 
with high significance to transect class (r= .99)* 
pH pH distribution is similar in all profiles of this 
transect. The minimum pH ranges from 4.0 in profile IV 4 to 
4.4 in profile IV 1. 
Exchangeable aluminum Maximum values of Ex A1 occur 
with the clay maximum values in these profiles. The upper 
three profiles (IV 3» IV 4, and IV 5) have much larger maximum 
values than the lower two profiles. Ex A1 correlates with 
high significance to transect class. 
Summary of the Lucas County head slope transect Table 
5 summarizes the most significant differential properties of 
this transect. 
The upland level profiles (IV 4 to IV 5) are poorly 
drained with abrupt clay increases in the B horizon and high 
B/A clay ratios. The middle profile in the shoulder position 
has a lower B/A clay ratio and better drainage than the previ­
ous two profiles. The lower profiles (IV 1 and 2) on the 
backslope are distinctly mottled. Profile IV 1 is poorly 
drained. Both of these profiles contain low amounts of clay 
and high amounts of total carbon. The three higher elevation 
Table 5* Data oummary for the head slope transect, Lucas County 
Profile 
no. 
Clay 
, io  ^
(max) 
pH 
(min) 
TG 
. # 
(max) 
EA 
meq/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
AP 
ppm 
(min) 
Transect 
class 
S/A 
clay 
ratio 
IV 1 38.5 4.4 1.76 11.8 1.8 19 1 0.95 
IV 2 43.4 4.2 1.47 12.8 2.7 8 2 1.74 
IV 3 45.5 4.1 1.13 14.4 7.6 7 3 1.67 
IV 4 51.8 4.0 1.20 15.2 7.4 5 4 2.16 
IV 5 47.1 4.1 1.04 15.2 7.4 6 4 2.36 
Correlation 
coefficient .93** -.94** -.93** .99** .92** -.87 
l^ax is maximum value in profile. 
S^ignificant at 0,05 probability level. 
^^ Significant at 0.01 probability level. 
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profiles (IV 3, 4, and 5) contain more Ex A1 and EA. Also the 
pH is lower. EA and Ex A1 are low in the A horizons of these 
profiles however. 
Transect classes are established by position on the 
transect. The lowest profile to the upland level profiles are 
progressively numbered 1 through 4. The two upland classes 
are quite similar and are grouped together in class 4. 
Head slope transect, Appanoose County 
Morphology and soil color The A2 horizon becomes less 
gray and darker in color from the ridge summit down elevation 
as a function of increasing slope gradient; S 8 slopes 
less than 1^ ; S 9 slopes approximately 8.5?^ ; and S 10 slopes 
14^ . Horizon thickness and B horizon color do not appear to 
change appreciably from one position to another. 
Total carbon The lowest profile (S 10) contains the 
most total carbon in the A horizon; the other two sites contain 
progressively less. Distribution within the profile is 
similar in all three. 
Clay The upper two profiles (S 8 and S 9) contain more 
clay in the B horizon and have larger B/A clay ratios than the 
lower profile. Depth to clay maximum is similar in all pro­
files. A sandy pedisediment with only 25?^  clay occurs immedi­
ately below the B2t horizon at 25 inches in profile S 10. A 
reddish paleosol occurs at 32 inches in this profile. 
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Exchange acidity Maximum values of EA occur in the 
horizon containing maximum clay in all profiles. The upper 
profiles contain about equal amounts and the lower profile 
contains slightly less. 
pH The pH minimum value is the same ( 3 »9) in all pro­
files and occurs in the B2t horizon corresponding to maximum 
clay accumulation. 
Sxchangeable aluminum The Ap and most of the A2 hori­
zon of these profiles contains only trace amounts of Ex Al. 
The within profile distribution in all cases follows clay 
distribution with maximum Ex Al values occurring with maximum 
clay. The two profiles (S 8 and S 9) with the most clay also 
have the largest amounts of Ex Al. Peak amounts of Ex Al 
decrease downslope on this transect. 
Summary of the Appanoose County head slope transect 
Table 6 summarizes data for this transect. 
The slope continuously steepens from the interfluve 
summit downslope to the lowest profile. Clay content decreases 
but A horizon color and total carbon increase as the gradient 
of the slope increases. The total amount of clay and the dis­
tribution of clay correspond to distribution of EA and Ex Al. 
Even though the pH is similar in all profiles, site S 10 with 
the lowest amount of clay also has the lowest maximum amounts 
of EA and Ex Al. 
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Table 6. Data summary for the head slope transect, Appanoose 
County 
Profile 
no. 
Clay 
fo 
(max) 
TC 
% 
(max) (mm) 
EA 
meq/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
S 8 52.0 3.04 3.9 23.2 7.9 
S 9 52.9 1.42 3.9 23.6 7.1 
S 10 47.1 2.23 3.9 21.6 5.4 
Ridge transects 
These transects either start in a broad flat upland divide 
or at the intersection of the divide and top of the satellite 
ridges and trend down the ridges to the nose of the ridges. 
The basic objective is to locate those sites that contain the 
most acidity and Sx Al. The Weller ridge in Lucas County 
transect is near the typifying pedon of Weller series. The 
transect is in pasture and woods. The Rathbun ridge extends 
northward from Missouri into Appanoose County, Iowa. The 
Rathbun ridge is in pasture. The ridges are narrow inter-
flu ve s with steep, beveled side slopes. The sites sampled 
and analyzed are shov/n on Figures 37a and 37b. The data on 
clay, total carbon, EA, pH, and Ex A1 are in Appendix I, and 
the soil profile descriptions are in Appendix II. 
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Weller ridge transect, Lucas County 
Horizon thickness and soil color The A2 horizon 
changes from gray to brown from the divide profile (I 5) 
through the flatter interfluve profiles (I 2) to the typical 
Weller profiles (I 1, P910, I 4) down the ridge (Figure 37t>). 
The B horizons are less gleyed and horizon changes are less 
abrupt down the ridge. Horizon thickness is similar however. 
The B1 horizon is absent in the upland level profile (I 5) 
and is indistinct in the next profile down (12), but it is 
well developed and distinct in all other profiles of the 
transect. 
Total carbon The amount of carbon in the surface 
horizon increases down the ridge by over Vfo. The A2 horizon 
of the poorly drained upland level (IV 5) soil contains less 
total carbon than the other profiles. 
Clay Clay content and distribution is similar in these 
profiles (Figure 9%). In profile I 5 clay increases abruptly 
from the A2 horizon to the B2t horizon. The other profiles 
have a B1 horizon which is intermediate in clay content. 
Exchange acidity Distribution of EA is similar in 
these profiles with maximum values at the clay maximum (Figure 
9b and c). Maximum amounts of EA increases progressively down 
the ridge, reaching a maximum value in profile I 4 on the nose 
of the ridge. 
pH Minimum pH occurs in that portion of the B horizon 
containing maximum clay. The upland level site, I 5f has a 
Figure 9. Key profiles of Weller ridge transect 
a. Ex Al versus depth 
b. Clay versus depth 
c. EA versus depth 
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higher minimum pH (4.0) than the other profile minima. The 
minimum pH value of the nose profile, I 4, was the lowest of 
the transect (3*7)• 
Exchangeable aluminum Maximum amounts of Ex A1 occurs 
in the zone of clay maximum (Figure 9a. and b). The surface 
and A2 horizons contain only minor amounts of Ex Al. The 
amount of Ex Al increases progressively from the flat upland, 
I 5» down the ridge reaching a maximum in the nose, I 4. 
Summary of the Weller ridge transect Table 7 sums 
the data of this transect. 
Color of the A2 horizon changes from gray to brown start­
ing in the upland divide flat to the ridge proper (Figure 37b). 
The presence of a B1 horizon also differentiates the poorly 
drained divide site from the sites on the interfluve. Acidity 
increases progressively down the ridge reaching maximum amounts 
in the nose slope profile. Ex Al, EA, and clay correlate 
significantly with landscape class on this transect. The 
landscape class is estimated 1 through 5 from the upland flat 
to the nose slope. The amount and distribution of clay is 
similar in all profiles of the transect. 
Rathbun ridge transect. Appanoose County 
The sites sampled are located on Figure 37a. Soil pro­
file descriptions are located in Appendix II. Analyses of 
clay, total carbon, pH, EA, and Ex Al are in Appendix I. Some 
of these data are summarized in Table 8 and in Figures 10, 11, 
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Table 7» Data summary for the Weller ridge transect, Lucas 
County 
Clay TC EA Ex A1 Land-
Profile  ^ % pH meo/lOOg meq/lOOg scape 
no. (max) (max) (min) (max) (max) class 
I 5 45.6 1.12 4.0 15.8 4.7 1 
I 2 45.1 2.07 4.0 18.0 5.8 2 
I 1 47.4 2.37 3.9 20.7 4.7 3 
P9IO 47.2 1.16 4.0 18.0 5.8 4 
I 4 47.9 2.64 3.7 23.8 9.0 5 
Corr. 
coeff. 
.77* .48NS^  -.72NS .83* .83* 
!^ax is maximum value in the profile. 
N^S = not significant at. the 0.05 probability level. 
S^ignificant at the O.05 probability level. 
Horizon thickness and soil color The horizon thick­
nesses were similar from the profile of highest elevation (s I6) 
near the upland level down to the nose slope profiles (S 11, 
S12, S 13» and S 14). The B horizon colors are similar also 
but depth to distinct mottling decreases in the lower nose 
slope profiles (S 12, S 13, and S 14). The A2 horizon colors 
are yellowish brown in most profiles. The highest profile on 
the ridge (S 16) has a pale brown (10YR6/3) A2 and an inter­
mediate profile in a minor ridge flat (S 8) has a light brown­
ish gray (10YR6/2) A2 horizon. 
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Table 8. Summary data for the Rathbun ridge transect 
Profile 
no. 
Clay 
(max)^  
TC 
io 
(max) 
EA 
pH meq/lOOg 
(min) (max) 
Ex Al Land-
meq/lOOg scape 
(max) class 
Summit 
S 16 54.2 1.20 4.1 21.6 7.6 1 
S 1 50.9 1.41 4.0 23.2 6.8 2 
S ^  53.2 1.71 3.9 26.4 8.0 2 
S 8 52.0 3.04 3.9 23.2 5.2 1 
S 11 48.0 1.83 4.0 19.2 5.2 -
Nose slope 
S 12 49.8 1.16 3.9 22.4 9.1 3 
S 13 51.3 1.83 3.9 26.4 8.4 4 
S 14 49.3 1.25 3.8 26.4 8.0 4 
Corr. 
coeff. -.85** -.20NS ^ -.84*^  .48NS .67* 
a^x = the maximum amount found in the profile. 
N^S = not significant at the 0.05 probability level. 
•Significant at the 0.05 probability level. 
••Significant at the 0.01 probability level. 
Figure 10, Key profiles of Rathbun ridge transect 
a. Ex Al versus depth 
b. Clay versus depth 
c. EA versus depth 
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Total carbon The amount of total carbon present is 
similar in these profiles except profile S 8. This profile 
is distinctly higher in total carbon than the other profiles. 
Clay The clay maximum values varied between profiles 
but no consistent trend by ridge position was observed 
(Figure 10b). The depth to the clay maximum is less in profile 
S l6 near the upland flat than in the other profiles. The 
nose slopes of the ridge are surprisingly similar in both 
amount and distribution of clay (Figure lib and Table 8). 
Exchange acidity These profiles contain large amounts 
of EA in the B horizon (Figures 10c and 11c). The maximum 
amounts are similar in most profiles. The lowest amounts 
occur in the lowest portion of the ridge in profiles S 8 and 
S 11. Profile S 11, the crest of the nose slope, has the 
lowest EA of all profiles by a considerable margin. On the 
nose slope an increase in slope gradient corresponds to an 
increase in EA, 
pH pH values and distribution are similar in these 
profiles. Minimum pH values range from 3-7 to 4.0. 
Exchangeable aluminum Ex A1 distribution in the upper 
sola of these profiles follows the trend of clay (Figure 10a 
and b, and Figure. 11a and b). The maximum of each occurs in 
about the same place in the profile. The maximum amounts of 
Ex A1 increase down the ridge from S 16 to S 4. Profiles S 8 
and S 11 have lower Ex Al. These amounts then increase in the 
nose slope profiles below profile S 11 (Figure 10a; Figure 
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lia; Table 8). 
Summary of the Rathbun ridge transect Table 8 sum­
marizes the data for this transect and the regression correla­
tions with landscape class. 
The positions with poorer drainage have a grayer A2 hori­
zon (S 16 and S 8) than other positions on the transect. The 
latter sites have thinner A2 horizons with distinct mottling 
higher in the profile. All profiles of the transect contain 
large amounts of EA. EX A1 reaches maximmi amounts in the 
profiles in this ridge transect. The nose slope profiles 
contain large amounts of Ex A1 and EA. The landscape classes 
were estimated by drainage and position on the transect. 
Class 1 profiles are in somewhat restricted drainage in stable 
summit positions. Class 2 profiles are typical summit pro­
files. Class 3 is a shoulder of the nose slope profile. Class 
4 is a backslope position on a nose slope. Clay, pH, and Ex A1 
are significantly correlated with landscape class. 
Side slope transects 
In the present study five transects on side slopes in­
volving different series and areas were selected to compare 
acidity, Ex Al, clay, and total carbon changes between stable 
summits and beveled side slopes. The first transect, located 
in Lucas County, extends outward perpendicular to the ridge 
transect (Figure 37b). The side slope transect contains only 
profiles of V/eller soils. The second side slope transect, 
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located in Wapello County, also has only Weller soils (Figure 
36; profiles 9OA8, 9OBI, and 90B2). The latter transect is 
in thinner loess than the Lucas County transect. The next two 
transects are east and west aspect side slope transects lo­
cated in Appanoose County from a narrow ridge with soils of 
the Rathbun series (Figure 37a). Another V/apello County side 
slope transect (131B-731C) compares an upland summit Pershing 
with a side slope variant (Figure 36, profiles 13IB and 731C). 
The soil descriptions are in Appendix II. The clay, total 
carbon, pH, EA, and Ex A1 are summarized in Figures 12, 13, 
and 14. The complete data are in Appendix I. 
East aspect side slope transect. Appanoose County 
Horizon thickness and color Horizon thickness, color 
of the surface horizons, strength of soil structure, and depth 
to mottling decreases from the interfluve summit (S 4-) through 
the shoulder (S 2) to the backslope (S 3)* A reddish colored 
paleosol occurs in the solum of the backslope profile at 
approximately 36 inches. 
Total carbon The A horizon of profile S 3» which is 
a backslope, has less total carbon than either of the upper 
horizons. The shoulder profile (S 2) has slightly more total 
carbon than the interfluve summit (S 4). 
Clay The clay maximum occurs at similar depths in the 
profiles except in S 3 which is shallow to maximum clay 
(Figure 12b). The summit (S 4) and shoulder (S 2) profiles 
I 
Figure 12. Profiles of east aspect Rathbun side slope 
transect 
a. EA versus depth 
b. Clay versus depth 
c. Ex A1 versus depth 
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contain over 55^  more clay in the B horizon than the backslope 
(S 3)' The B/A clay ratio is much larger in the summit and 
shoulder profiles (S 4 and S 2). 
Exchange acidity Although all profiles have large 
amounts of EA, the summit and shoulder profiles (S 4 and S 2) 
sites have a small amount more than the backslope site (S 3). 
The EA in the backslope site occurs above the clay maximum 
and much higher than in the other profiles (Figure 12a). 
pH Minimum values of pH are the same in all profiles 
(3»9)« The surface horizons of the upper profiles have much 
higher pH values than profile S 3 on the backslope, however. 
Exchangeable aluminum The summit and shoulder profiles 
have similar maximum amounts of Ex A1 -which occur in the clay 
maximum (Figure 12b and c). The backslope profile contains 
slightly less maximum Ex A1 distributed evenly in the B 
horizon with no peak value corresponding to maximum clay. 
Summary of the east aspect side slope transect. Appanoose 
County Table 9 summarizes some pertinent data for this 
transect. The A horizons become thinner down s lope. The 
summit and shoulder profiles have similar amounts of acidity, 
slightly more than the backslope profile. However, acidity 
is much greater near the surface in the backslope profile S 3. 
West aspect side slope transect. Appanoose County 
Three sites were sampled. Their location is given in 
Figure 37a» The analyses are in Appendix I. 
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Table 9» Data summary for the east aspect side slope transect, 
Appanoose County 
Profile 
no. 
Clay 
(max) 
TC 
% 
(max) (mm) 
EA 
mec/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
S 4 53.2 1.71 3.9 26.4 8.0 
S 2 54.5 2.16 3.9 26.4 8.2 
S 3 48.0 0.98 3.8 24.8 6.7 
Horizon 
thicknesses 
thickness 
of horizons 
and soil 
in these 
color 
profiles 
The colors and 
are remarkably simi-
lar. Profile S 4 is the summit; profile S 5 is the shoulder; 
and S 6 is the backslope profile in this transect. 
Total carbon Profile distribution pattern and maximum 
values are similar in all profiles. 
Clay Maximum values of clay all occur about the same 
depth but the maximum amount of clay is progressively less 
in profiles from the summit (S 4) down to the backslope (S 6). 
The A horizon in the backslope (S 6) is heavier than the other 
A horizons. 
Exchange acidity Little difference in maximum values 
of EA occurs between these profiles. The large amounts of EA 
corresponds to maximum clay. The backslope profile S 6 con­
tains high amounts of EA closer to the surface than the other 
profiles. 
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pH The minimum value of pH (3.8) occurs in the back-
slope profile S 6. However, the pH in the other profiles is 
nearly as low (3*9)• 
Exchangeable aluminum The profile in the shoulder 
position (S 5) contains less Ex A1 than the summit (S 4) or 
the backslope (S 6). The maximum amount of Ex A1 occurs in 
the backslope which slightly exceeds the amount in the summit 
profile. 
Summary of the west aspect side slope transect, Appanoose 
County Table 10 summarizes some of the pertinent data for 
this transect. 
These profiles are nearly similar in total carbon, 
morphology, EA, and pH. Some change in clay occurs. The more 
level summit (S 4) and shoulder (S 5) sites have more clay in 
the B horizon and less in the A horizon. Ex A1 is maximum 
in the backslope (S 6) and distinctly lower in the shoulder 
position. The backslope site also contains EA in large amounts 
closer to the surface than the other two profiles. 
East aspect side slope transect. Lucas County 
Four soils were sampled for this transect (Figure 37b). 
Horizon thickness and soil color The profiles that 
represent the convex ridgetop summit (III-l, P910, and I-l) 
have similar horizon thicknesses and soil color. The shoulder 
(III-2) and the backslope (III-3) have similar colors in each 
horizon as III-l, but the A2 horizons are thinner and nearer 
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Table 10. Data summary for the west aspect side slope tran­
sect, Appanoose County 
Profile 
no. 
Clay 
, ^  a (max) 
TC 
f o  
(max) (mxn) 
EA 
meq/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
S 4 53.2 1.71 3.9 26.4 8.0 
S 5 51.8 2.22 3.9 23.9 6.6 
s 6 50.8 1.84 3.8 26.0 9.6 
a^x = maximum amount in the profile. 
to the surface. In both cases the bottom of the A2 is no 
deeper than 8 inches. The B2 horizon starts at 8 inches in 
the shoulder position (III-2). 
Total carbon Profile distribution and absolute 
amounts of total carbon vary little in this transect. 
Clay The steeper sites (III-2 and III-3) contain 
more clay in the A horizon and have lower B/A clay ratios 
than the sites on the ridgetop. Depth to the clay maximum 
and amount of maximum clay is similar in all profiles 
(Figure 13b). 
Exchange acidity Profile III-2, the shoulder position 
of the transect, contains the most EA (Figure 13a). Maximum 
acidity occurs in the B2 horizon but not in the zone containing 
the maximum clay. The backslope contains the least amount of 
EA (Figure 13c). The summit profiles contain large measures 
of EA, nearly as much as profile III-2. 
Figure 13. Profiles of east aspect V/eller side slope, Lucas 
County 
a. Ex Al versus depth 
b. Clay versus depth 
c. EA versus depth 
139 
WELLER 
SIDE SLOPE TRANSECT 
LJU(:/\s czour^T"/, iow/\ 
p y i o  o  
I I I -2  •  
Ex A1 (m.c. / lOOg.)  
O 
60 0 
EA (O.C./ IOOR.)  
40 
7o 2 micron CLAY 
140 
pH pH is similar in value and distribution between 
profiles on this transect. The only exceptional profile is the 
backslope, III-3. The minimum pH occurs in the 4 to 10 inch 
layer and all other values in the profile are several units 
higher. 
Exchangeable aluminum The upland and shoulder profiles 
contain substantially greater amounts of Ex A1 than the back-
slope profile (III-3) (Figure 13a). The maximum value found in 
the upland shoulder sites ranges from 4.0-^ .8 meq/100 g. The 
maximum in the backslope site is 2.0 meq/100 g. 
Summary of the east aspect side slope transect, Lucas 
County Table 11 summarizes some of the pertinent data of 
this transect. 
The shoulders and backslope profiles have thinner and 
shallower horizons. The clay content is higher in the surface 
horizons and the resulting B/A clay ratio is low compared to 
more stable profiles. In terms of acidity measures the 
shoulder profile is similar to the summit profiles and the 
backslope is distinctly less acid, containing lower amounts of 
EA. 
Side slope Weller series transect. Wapello County 
Three sites were sampled for this transect (Figure 36). 
Horizon thickness and soil color In terms of color, 
structure, and horizon thickness few differences are observed 
in these profiles. 
I4l 
Table 11. Data summary for the east aspect side slope tran­
sect, Lucas County 
Profile 
no. 
Clay 
 ^a (max) 
TC 
% 
(max) (mm) 
EA 
meo/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
P910 47.2 1.16 4.0 18.0 5.8 
III-l 46.6 1.63 3.8 23.2 4.0 
III-2 46.4 1.22 3.8 23.2 5.0 
III-3 47.1 1.81 3.8 14.5 2.0 
a^x is maximum amount in the profile. 
Total carbon Total carbon differs little between 
these profiles. 
Clay The summit (9OA8) and shoulder (9OBI) positions 
have similar clay distributions with maximum clay in the B2t 
at about 20 inches (Figure l^ b). The backslope solum (9032) 
extends into the paleosol below the loess. The clay maximum 
in 90B2 occurs immediately over the paleosol. The amount of 
clay is 7% less than the maxima of the other profiles. 
Exchange acidity The maximum amount of EA declines 
from the summit of the interfluve down the side slope (Figure 
l4c). The backslope profile has less EA. The profile dis­
tribution of EA is similar in these profiles, however. In the 
backslope profile (90B2) EA does not occur in the clay maximum. 
pH The lowest pK value (4.1) occurs in the B1 horizon 
in the backslope profile. The other profiles have similar pH 
Figure 14. Profiles of side slope Weller transect, Wapello 
County 
a. Ex A1 versus depth 
b. Clay versus depth 
c. EA versus depth 
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values. 
Exchangeable aluminum The backslope profile (90B2) 
and the summit profile (9OA8) have similar distributions and 
amounts of Ex Al. Maximum Ex A1 occurs in the clay maximum 
in the stammit but above the clay maximum in the backslope 
profile (Figure l4a). The shoulder position (9031) contains 
less Ex Al than the others. 
Summary of the V/eller side slope transect in Wapello 
County Table 12 sunimarizes some of the pertinent data for 
this transect. 
The backslope profile 90B2 extends into a paleosol below 
the loess and has a clay maximum just over the paleosol. The 
clay maximum is deeper and lower in amount in this profile 
also. The lower profile and the summit profile contain more 
acidity than the shoulder profile. The acidity does not 
follow the clay distribution closely in the backslope profile. 
The amount of clay in these profiles may not qualify them 
for Waller. Keomah or Clinton may be the soil series for these 
sites. 
Side slope Pershing series transect, Wapello County 
Two sites comprise the transect (Figure 15). 
Horizon thickness and soil color The summit position 
(I3IB) is a deeper profile with a 10-inch thick A horizon in­
cluding a well defined A2 horizon and a B1 horizon. Depth to 
mottling and depth to C horizon are also greater in I3IB. 
1^5 
Table 12. Data stmimary for the Weller side slope transect, 
Wapello County 
Profile 
no. 
Clay 
(max)^  
TC 
(max) (&) 
EA 
meo/lOOg 
(max) 
Ex A1 
meq/lOOg 
(max) 
9OA8 44.7 2.14 4.3 15.6 3.7 
9 OBI 46.6 1.57 4.4 12.4 2.0 
90B2 37.7 1.70 4.1 13.6 3.3 
l^ax is maximum amount in the profile. 
The A horizon is entirely contained in the 5-inch plow layer 
in 731C, a backslope soil. The soil color distribution is 
similar, however. 
Total carbon Total carbon in the surface horizon is 
similar but below this horizon the summit profile contains 
distinctly less total carbon. 
Clay Clay distribution is radically different in these 
profiles (Figure 15b). The maximum clay is similar but occurs 
near the surface in 731C and at about 2 feet in I3IB. The 
surface is a silty clay in the sideslope soil and a silt loam 
in the summit soil. 
Exchange acidity Both profile distribution and maxi­
mum amount of EA differ greatly between these two profiles 
(Figure 15c). The beveled side slope profile (731C) contains 
less maximum EA which occurs high in the solum. The maximum 
EA in both profiles does occur in the clay maximum, however. 
Figure 15, Profiles of Pershing side slope transect, Wapello 
County 
a. Ex A1 versus depth 
b. Clay versus depth 
c. EA versus depth 
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pH The pH of the summit profile (I3IB) is about O.5 
pH units lower than the side slope profile (4.3 and 4.8, re­
spectively). In both profiles the minimum pH corresponds to 
clay maximum. 
Exchangeable aluminum The beveled side slope soil 
contains very little Ex Al. The summit position contains 
nearly three times as much Ex Al even though in this profile 
the maximum is less than 2.0 meq/lOO g (Figure 15a-) • 
Summary of the side slope Pershing series transect 
Table 13 summarizes some of the pertinent data for this 
transect. 
The colors in these profiles are similar but the horizon 
distributions and thicknesses vary. 731C has only a thin plow 
layer for an A horizon. Depth to mottling and depth to C 
horizon is also less than in the summit position. The side 
slope contains more total carbon in the B horizon. Clay 
maximum in the side slope is quite close to the surface and 
much deeper in the summit profile. The summit profile has a 
lower pH and much more Ex Al and EA. The maximum amounts of 
acidity are located deeper in the solum in the summit profile. 
14-9 
Table 13• Data summary for the Pershing side slope tran­
sect, Wapello County 
Profile 
no. 
Clay 
(max)^  
Depth to 
clay 
maximum 
in. 
TC 
(max) 
EA Ex A1 
meq/lOOg meq/lOOg 
(max) (max) (mm) 
I3IB 48.0 19-24 1.44 12.0 1.9 4.3 
731c 47.5 6-10 1.17 9.6 0.7 4.8 
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DISCUSSION 
The discussion material is arranged in the first sections 
to compare (1) changes of acidity and Ex A1 in the sequences 
established in the study model, and (2) changes in pH, EA, 
Ex A1 with respect both to each other and the active soil 
materials of clay and organic matter. Following these sec­
tions, some comments are made on the circumstances and events 
that are probable in the development of maximum acidity in 
Iowa soils. Next in order is a short discussion on the role 
of Ex A1 in phosphorus availability. The next section is a 
consideration of the use of acidity and Ex A1 information in 
classification of soils. The final section of the discussion 
is a series of suggestions for further research. 
Changes and Distribution of Exchangeable Aluminum 
and Acidity in Biosequences 
The model presented earlier arrayed many stable summit 
loess soils into three sequences. The first sequence consid­
ered in this discussion is the biosequence which is based on 
the presumed influence of native vegetation on soils. The 
native vegetation is often inferred from the profile morpholoar. 
The three members of a biosequence are prairie, prairie-forest 
transition, and forest soils. Each member of all biosequences 
is examined for Ex Al, EA, and pH values. These values are 
compared to determine biosequence influences. 
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Exchangeable aluminum 
Ex Al is extremely sensitive to influences of native 
vegetation (Figures 16 and 1?). Ex A1 is low in prairie 
soils—not exceeding 0.4 meq/lOO g—irregardless of develop­
ment or drainage. Transition soils have maximum amounts of 
Ex A1 ranging from 0.5 to 3.0 meq/100 g in the B horizon. In 
all cases the transition soils in any biosequence have a lower 
content of Ex A1 than the forested analogue. Peak occurrence 
of transition and forest soils usually is in the horizon of 
maximum clay. Maximum Ex A1 values tend to increase in those 
biosequences containing well developed profiles (Figures l6c,d 
and 17c,d). In better drained minimally developed soils, Ex 
A1 varies little from comparatively low maximum amounts. Well 
developed profiles contain larger amounts of Ex A1 in the B 
horizon with less in the A horizon; a phenomenon especially 
pronounced in poorly drained soils (Figure 17c,d). 
The Wapello County Pershing-Weller transect provides a 
detailed illustration of vegetational influences on Ex A1 over 
a single landscape. Maximum amounts observed in distinctly 
Pershing profiles range from 0.6 to 1.8 meq/100 g in the 
rolling divide. On the principal transect down the ridge 
(Figure 36), Pershing profiles contain 0.6 in the divide and 
0.8 meq/100 g at the junction to the ridge and the divide. 
As the transect progresses down the ridge, profile morphology 
reflects a gradual increase in forest influence. A correspond­
ing increase in Ex A1 also occurs in the B horizon. The 
Figure 16. Depth versus Ex Al on somewhat poorly drained 
"bio sequence s 
a. Muscatine (p), Atterberry (t), Stronghurst (f) 
b. Mahaska (p), Givin (t), Keomah (f) 
c. Grundy (p), Pershing (t), Weller (f) 
d. Seymour (p), Kniffin (t), Rathbun (f) 
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Figure 17. Depth versus Ex Al on poorly drained biosequences 
a. Garwin (p), Walford (t), Traer (f) 
b. Taintor (p), Rubio (t), Rushville (f) 
c. Haig (p), Belinda (t), Beckwith (f) 
d. Edina (p), Appanoose (t), 260X (f) 
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profiles with more typical Weller morphological features 
(profiles 90A8 and 90A9) contain 3-7 meq/100 g Ex Al. This 
amount is minimal for Weller profiles observed in this study 
but maximum for this particular ridge. Perhaps more forest 
influence creates increasing amounts of Ex Al although mor­
phological changes are not readily discernible. Ex Al range 
for Weller profiles in this study is from 3*7 to 9.0 meq/100 g. 
The latter value is found in the B horizon of a nose slope 
profile (1-4) in Lucas County. 
White and Riecken (1955) concluded that chemically 
transition soils are more similar to forest soils than to 
prairie soils. However, in terms of productivity transition 
soils are intermediate (Fenton et al., (1971)- McComb and 
Riecken (I96I) show that transition soils may even be closer 
to prairie soils in terms of productivity. They observed that 
tree height is taller on transition soils compared to forest 
soils by quite a margin. From Figures I6 and 17, it appears 
that transition and prairie soils usually contain similar 
amounts of Ex Al compared to the much larger amount of Ex Al 
contained in the forest soils. High Ex Al correlates with 
Al toxicity in plants (Black, I968). Because of the general 
belief that toxic amounts of Ex Al did not occur in Iowa, Al 
in the past was overlooked both in terms of soil genesis and 
productivity by soil investigators. 
As a demonstration of the highly systematic and gradation-
al change in ecotores due to increasing influences of deciduous 
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trees over prairie grasses, a graphical model can be con­
structed that abstracts field and laboratory profile data. 
In Figure 18 maximum B horizon Ex Al is plotted versus the 
estimated degree of forest influence. The degree of influence 
was estimated from landscape position, profile morphology, 
and measures of acidity (pH, SA, and Ex Al). Most of the pro­
files were taken from the Wapello County study. By observa­
tion it v/as noted that a close similarity existed between 
prairie and transition soils. Six classes representing in­
creasing degrees of forest influence were created from the 
above estimations. Class 1 consists of modal prairie profiles, 
class 3 are modal transition profiles, class 6 are distinct 
modal forest profiles. Class 5 appear to be forest soils; 
however, the soils are located near knovm prairie areas and 
have lov/ amounts of Ex Al. Classes 2 and 4 are intergrades 
in terms of morphology and distance to 1 and 3, and 3 and 5, 
respectively. The resulting correlation coefficient, r = 0.95, 
is significant at the 0.01 probability level. The regression 
line in Figure 18 is less than zero for prairie soils which 
indicates a low slope on Jenny's (1961a) equation 
v/here N represents Ex Al, c and d are the classes of increasing 
forest influence, and F is that part of the biotic factor due 
to native vegetation. The low slope between prairie and 
transition is an indication that conditions which release 
Figure 18. Maximum B horizon Ex Al versus increasing degree 
of forest influence in the Grundy-Pershing-
Weller biosequence 
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Ex Al in soils are not fully mobilized in transition soils. 
The regression equation in Figure 18 adapts to Jenny's equa­
tion almost directly with a one to one slope per degree of 
increased forest influence on Ex Al. With c = class 2 and 
d = class 6 in the equation, the slope is the regression 
slope (1.05) and dF is the degree of forest influence of any 
observation, i.e., soil profile. The equation necessarily 
assumes similarity in landscape position and stage of develop­
ment. The application of Jenny's equation to these data demon­
strates that initially when deciduous trees invade tall 
prairie grasses, little change occurs; however, after the 
deciduous trees become dominant, the total forest influence 
dramatically increases the amount of Ex Al. 
The landscape distance measured from class 2 to 5 is only 
675 feet. This is the entire width of the transition zone in 
this area. It is well known that these zones are narrow in 
the midwest compared to the large areas dominated by either 
forest or prairie. Therefore, in integrating Jenny's equation 
for the region, it must be assumed that as the area becomes 
larger the transition area becomes smaller in relative scale 
and approaches zero in terms of a state soil association map 
such as Oschwald et al. (I965). In terms of such a regional 
scale the slope of the equation is much steeper than indicated 
in the above regression equation because no intermediate is 
distinguishable. Therefore, in the G-rundy-Weller biosequence, 
the Ex Al changes from 0.4 meq/100 g as a maximum in Grundy 
I6l 
to an average of 4.8 meq/100 g in Weller which represents an 
order of magnitude. Thus on an association level the slope of 
the Jenny equation is very steep. The author concludes that 
maximum Ex A1 in the B horizon may be a tool to indicate the 
degree of forest influence on a soil as well as a negative 
indicator of productivity. Furthermore, it can be concluded 
that in terms of acidity transitional soils are closer 
chemically to prairie soils than to forest soils. This does 
not hold for the source of the acidity, however, as will be 
explained later. 
With the depletion of bases, destruction of organic 
matter, lower pH, and increased B/A clay ratio, A1 is released 
from nonexchangeable to exchangeable forms. The Rathbun series, 
which is more developed texturally than the Weller should then 
contain even more Ex Al. Figure 35 reflects this emphatically. 
Exchange acidity 
In general the research of the present study shows that 
EA correlates with organic matter in prairie soils and with 
clay in transition and forest soils. In some minimally de­
veloped soils the latter is not particularly evident possibly 
because of some interaction with organic matter. Among soils 
with strong profile development maximum amounts of EA occur 
in forest soils (B horizon); among minimally developed pro­
files, maximum amounts of EA occur in prairie soils (A horizon). 
EA provides a sensitive indicator of biotic effect unless the 
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soil has been limed; conversely, biosequence as a state factor 
has a profound influence on EA. 
In biosequences with minimal developed profiles (Muscatine 
biosequence and Mahaska biosequence), the prairie members have 
the most EA (Figure 19b and c). The maximum amount occurs in 
the A horizon of these soils and the amount declines with depth 
corresponding to a decline in organic matter. Within profile 
correlation of EA versus total carbon for Muscatine and 
Mahaska profiles are .9^ 7 and .930, respectively. (The plow 
layer in soils is ignored for within profile correlations.) 
Both of these values are significant at the 0.01 level. 
The distribution of EA in prairie profiles contrasts 
sharply with the transition and forest analogues. Maximum EA 
occurs in the B horizon of nonprairie soils. EA correlates with 
clay in two of the profiles (Givin with r=.969» and Strong-
hurst with r=.975)' Keomah (r=.585) and Atterberry (r=.624) 
do not correlate significantly at the 0.05 probability level. 
This may be due to an interaction effect of organic matter 
in the A horizon. However, because of strongly contrasting 
depth functions, within profile contrasts of EA versus total, 
carbon doubtfully test A horizon influences of total carbon 
without being overwhelmed by B horizon contradictions. A be­
tween profile statistical model is needed that tests only A 
horizons effects. Lack of data precludes such a test on these 
series, however. Below the clay maximum in all profiles of 
this group, EA distribution is similar. It appears that the 
Figure 19. Depth versus EA on somewhat poorly drained 
biosequences 
a. Muscatine (p), Atterberry (t), Stronghurst (f) 
b. Mahaska (p), Givin (t), Keomah (f) 
c. Grundy (p), Pershing (t), Weller (f) 
d. Seymour (p), Kniffin (t), Rathbun ( f )  
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biotic effect plays only a small role in pedogenesis of 
acidity in the lower sola of these soils. 
In the Grundy biosequence EA patterns follow the trends of 
the lesser developed profiles (Figure 19c). A horizon EA is 
highest in the Grundy and lowest in the Pershing. B horizon 
EA is lowest in Grundy and highest in V/eller, which suggests 
that the order of acidity from high to low is forest-prairie-
transition. The B horizon EA in Weller is quite large compared 
to Pershing. The profile distribution of Pershing is similar 
to Weller with lov/ EA in the A compared to the B horizon but 
the amounts are quite different and are much lower. The Weller 
studied in the Lucas County landscape averaged around 20 meq/ 
100 g as maximum EA values and the Pershings (P911, I3IB, 
90AII, and 90AI) averaged 10.4 as a maximum, approximately one-
half as much. Poorly drained biosequences are strikingly 
similar to the better drained biosequences in the relationship 
of EA distribution (Figure 20). 
The detailed transect in Wapello County points out the 
incremental changes that occur from transition to forest on a 
single landscape. More easily recognizable, modal Weller 
soils usually occur in more dissected topography some distance 
from broader upland flats (Dale Lockridge, personal communica­
tion). The Lucas Coimty Weller sites are closer to this type 
of landscape. The Weller profiles in Wapello County contain 
the lowest EA of the Weller profiles observed in this study. 
This suggests a possible index of forest influences using both 
Figure 20. Depth versus EA on poorly drained biosequences 
a. Garwin (p), Walford (t), Traer (f) 
b. Taintor (p), Rubio (t), Rushville (f) 
c. Haig (p), Belinda (t), Beckwith (f) 
d. Edina (p), Appanoose (t), 260X (f) 
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EA and Ex Al. Maximum EA and Ex A1 occur in profiles reflect­
ing better external drainage in exposed positions such as nose 
slopes. This suggests an interaction with either landscape 
position or drainage; this interaction would have to be 
accounted for in a comparative index. 
In the Seymour biosequence a strong biotic influence 
on profile distribution of EA can be observed (Figure 19d). 
Seymour and Kniffin reflect some influence from both clay and 
organic matter on EA. In Rathbun EA only correlates positively 
with clay (Figure 5d). A negative correlation may even occur 
with organic matter suggesting that some organic matter can 
actually inhibit the development of EA. Table 14 lists some 
of the correlation values within profile of EA with clay and 
total carbon for Rathbun profiles. In all profiles significant 
correlations with clay are observed to a depth of 30 inches. 
Total carbon has a negative correlation with EA also. To test 
if this is a coincidence of depth distribution or actually 
meaningful, A horizon EA values were regressed against total 
carbon values for 14 Rathbun profiles. The regression equation 
that resulted is Y = -.12X + 2.3 with r = 0.780 which is sig­
nificant at the 0.01 level. The author concludes that organic 
matter in these profiles does inhibit EA development. This 
suggests further investigation into the differences in organic 
matter between prairie and forest soils. Also the amount of 
EA is much larger in Rathbun than in the biosequence analogues. 
In 16 profiles observed of Rathbun, maximum profile EA ranges 
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Table 14. Correlation of EA with clay and total carbon in 
the Rathbun series to a depth of 30 inches 
Correlation coefficients 
Profile no. EA vs clay EA vs total carbon 
P905 .94** -.93** 
P906 .82* -.65 
S 16 .99** -.87* 
S 1 .90** -.93** 
S 4 .95** -.88* 
S 13 .99** -.95** 
S 2 .95** 
S 3 .98** 
S 5 .93** 
S 6 .96** 
S 8 .95** 
S 9 .98** 
S 10 .98** 
S 11 .99** 
s 12 .90** 
S 14 .98** 
Ail profiles .89** 
*Significant at the O.O5 probability level. 
**Significant at the 0.01 probability level. 
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from 19.2 in profile S 11 to 26.4 in several profiles; the 
average is 23.6 meq/lOO g. Again the highest amounts of SA 
rofleet landscape positions with some ease of external drain­
age such as a nose slope as observed in Keller transects. 
As a test of the functional relationship of SA versus 
foirest influence, the graphical model of Figure 18 will be 
used as the basis for the test model in Figure 21, except EA 
is substituted for Sx Al. The same trends and relationships 
are again observed. The correlation coefficient is even higher 
(r= .97). The 2.6 slope of the regression line points out that 
biosequence as a state factor has a profound influence on EA 
as a soil property in tenus of variation. 
m 
pH exhibits biosequence contrasts both by differences 
within profiles and between profiles. Within profile distribu­
tion of pH between A and B horizons is unique for each of the 
three members of a biosequence. A comparison of absolute pH 
values from the B horizon of all profiles arrays the profiles 
along a gradient fjrom prairie to forest. 
Prairie soils have profile minima of pH in the A horizon 
below the plow layer or in the upper B horizon. The minimum 
pK in transition and forest soils occurs in the B horizon 
usually with maximum clay. Minimum values are similar in 
prairie and transitional soils, but the timbered profiles tend 
to have lower pH values. The A horizon of transitional soils 
Figure 21, Maximum B horizon EA versus increasing degree of forest influence in 
Grundy-Pershing-Weller biosequence 
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are usually more alkaline than either the forest or prairie 
soils (Figure 22). Differences between A and B horizon pH 
values tend to be greater in the least developed prairie pro­
files. In forest soils the opposite is true. Only small 
changes in pH values were observed in the Wapello County 
transect. The ridge profiles change only 0.3 pK units from 
Pershing to V/eller. EA and Ex A1 values illustrate the in­
creasing forest influence more graphically. 
Figure 23 compares pH values of forest and prairie soil 
profiles. Among prairie soils the B horizon pH is not particu­
larly variable; no prairie profiles have pH less than 4.7. The 
3 horizons of forest soils, on the other hand, have pH values 
below 4.7, and evidence more between profile variability. 
Changes and Distribution of Exchangeable Aluminum 
and Acidity in Drainage Sequences 
The purpose of the following discussion is to focus on 
specific change s in Ex Al, EA, and pH with respect to profile 
depth, clay content, and percentage of total carbon compared 
to changes in internal profile drainage. Drainage is one of 
the three state factors of the study model. Corliss (1958) 
had three drainage classes but not all of these have repre­
sentatives in some stages of development. In stages III and 
Iv, no well drained soils occur as mentioned earlier. In the 
present study the differences between somewhat poorly drained 
and poorly drained soils are emphasized because a soil repre-
Figure 22. A horizon pH versus B horizon pH in ail poorly 
drained soils grouped by biosequence 
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prairie soils 
a. Garwin and Traer 
b. Beckwith and Haig 
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sonting each of these drainage classes occurs in all bio- and 
development sequences (Table 1). If drainage is greatly re­
duced, leaching may also be reduced. On the other hand, well 
drained conditions may not have enough water available for 
maximum hydrolysis. Because drainage classes are based on B 
horizon color and these colors may indicate relict conditions 
(Daniels et al., 196I), measures are needed that indicate 
extant conditions. Ex Al, EA, and pH are measures of 
the present, not past, status of a soil and may prove to be 
drainage indices less subject to error. 
Exchangeable aluminum 
In prairie and transition soils drainage does not appear 
to be an important factor on Ex Al. However, in forest soils 
with less developed profiles, the poorly drained soils contain 
more Ex Al; in forest soils with more developed profiles, the 
better drained soils contain more Ex Al. 
Only minute amounts of Ex Al occur in prairie soils. 
Usually the only measurable amounts are found in the upper 
horizon. Because of the small amount found, the author is 
reluctant to assess any differences due to drainage or develop­
ment in prairie soils to Ex Al. 
Distribution and amounts of Ex Al in transition soils 
with least development are quite similar (figure 24a, b and 
c). The peak values and within profile distribution of the 
well drained and somewhat poorly drained profiles are 
Figure 24. Depth versus Ex Al on transition soils in drainage 
sequences 
a. Downs (well drained), Atterberry (somewhat 
poorly drained), Walford (poorly drained) 
b. Ladoga (well drained), Givin (somewhat poorly 
drained), Rubio (poorly drained) 
c. Pershing (somewhat poorly drained), Belinda 
(poorly drained) 
d. Kniffin (somewhat poorly drained), Appanoose 
(poorly drained) 
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remarkably homogenous. The only exception is the Givin pro­
file which may be an anomalous site selection which may have 
been limed. Below 18 inches this profile follows the pattern 
of the other profiles. Poorly drained soils of this group 
usually contain less Ex A1 than the better drained analogues 
(Figures 24a and b). The highly developed Kniffin-Appanoose 
sequence has the largest amount of Ex A1 measured in any 
transition soil. Kniffin contains more Ex A1 over the whole 
profile even though maximum amounts are similar (Figure 24d). 
Maximum amounts of Ex A1 observed in this study occur 
in profiles of the Rathbun series of the Rathbun-260X forested 
drainage sequence (Figure 2$d). The Weller and Rathbun series 
contain a larger amount of Sx Al than the poorly drained 
analogues, Beckwith and 260X, respectively (Figures 25c and d). 
However in the less developed profiles of the other forested 
drainage sequences, poorly drained soils contain more Ex A1 
than better drained soils (Figures 25a and b). The somewhat 
poorly drained and well drained soils are quite similar in 
maximum amounts and profile distribution of Ex A1 in these 
sequences. 
A comparison of four profiles each of Beckwith and Weller 
series is made to illustrate acidity increase in better 
drained, well developed profiles. Kaximum Ex A1 ranges are 
lower in Beckwith profiles (3.5 to 7-^  meq/100 g) compared to 
Weller (4.7 to 9.0 meq/100 g). Because the ranges are over­
lapping, Ex A1 by itself does not conclusively demonstrate 
Figure 25- Depth versus Ex Al on forest soils in drainage 
sequences 
a. Fayette (well drained), Stronghurst (some­
what poorly drained), Traer (poorly drained) 
b. Clinton (well drained), Keomah (somewhat 
poorly drained), Rushville (poorly drained) 
c. Weller (somewhat poorly drained), Beckwith 
(poorly drained) 
d. Rathbun (somewhat poorly drained), 260X 
(poorly drained) 
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more acidity in Weller profiles. Beckwith averages 5«5 meq/ 
100 g and Weller averages 6.9 meq/100 g, indicating more 
overall Ex A1 in Weller profiles. 
Exchange acidity 
In transition and forest soil drainage sequences the peak 
values of EA usually occur in the B2t clay maximum, but in 
prairie soils the maximum occurs in the A horizon (Figures 
26, 27, and 28). The Fayette drainage sequence is little 
differentiated by EA (Figure 28a). All representatives of this 
sequence contain similar absolute values of maximum EA with 
similar profile distribution. However, the poorly drained 
Rushville of the Clinton sequence contains more EA than the 
other members (Figure 28b); and the Weller, the better drained 
member of the Weller drainage sequence, has the maximum amount 
of EA (Figure 28c). In highly developed profiles (Rathbun 
sequence), the two representative profiles are quite high in 
EA and are remarkably similar in amount and profile distribu­
tion (Figure 28d). 
In somewhat poorly drained members of prairie soil drain­
age sequences, amount and profile distribution of EA is quite 
similar (Figure 26). The outlier is Seymour which has a second 
or double peak of EA—one in the A horizon and another in the 
B horizon in the clay maximum. This profile probably has 
influences on EA by both illuvial clay and organic matter. The 
Garwin and Taintor contain less EA than better drained analogues 
Figure 26. Depth versus EA on prairie soils in drainage se­
quences 
a. Muscatine (somewhat poorly drained) and 
Garwin (poorly drained) 
b. Mahaska (somewhat poorly drained) and 
Taintor (poorly drained) 
c. Grundy (somewhat poorly drained) and Haig 
(poorly drained) 
d. Seymour (somewhat poorly drained) and Edina 
(poorly drained) 
DEPTH ( Indies)  DEPTH (Inches) 
Figure 2?. Depth versus EA on transition soils in drainage 
sequence 
a. Downs (well drained), Atterberry (somewhat 
poorly drained), Walford (poorly drained) 
b. Ladoga (well drained), Givin (somewhat poorly 
drained), Rubio (poorly drained) 
c. Pershing (somewhat poorly drained), Belinda 
(poorly drained) 
d. Kniffin (somewhat poorly drained), Appanoose 
(poorly drained) 
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Figure 28, Depth versus EA on forest soils in drainage 
sequences 
a. Fayette (well drained), Stronghurst (somewhat 
poorly drained), Traer (poorly drained) 
b. Clinton (well drained), Keomah (somewhat poorly 
drained), Rushville (poorly drained) 
c. Weller (somewhat poorly drained), Beckwith 
(poorly drained) 
d. Rathbun (somewhat poorly drained), 260X 
(poorly drained) 
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of their respective drainage sequences. The distribution 
pattern is similar however. In the Grundy-Haig sequence, each 
representative contains similar amounts of EA. The Haig has 
less decrease in acidity with depth however. The Seymour-Edina 
sequence contains about equal amounts of EA with similar 
double peak distribution in the profile (Figure 26c). 
The horizon of poorly drained transitional soils contains 
less SA than the better drained members of the same drainage 
sequence (Figure 27). However, at about 20 inches depth all 
members of a drainage sequence contain similar amounts of EA. 
In four Beckwith profiles, the range in B horizon maximum 
of EA between profiles is from 15.2 to I5.8 meq/100 g. In 
Weller examples the range is from 18.0 to 23.8 meq/100 g. The 
ranges are separated by a rather sizeable gap. However, pro­
file 9OA8 in the Pershing-V/eller transect has only I5.6 meq/ 
100 g of EA. The V/eller usually contains more EA than Beckwith 
but the ranges are not necessarily exclusive. 
pK shows remarkable variation in forest soil profiles. 
The poorly drained soils of these sequences tend to have less 
variance in values within the profile. In less developed pro­
files such as in the Fayette and Clinton drainage sequences, 
the poorly drained members usually have lower pH values (Figure 
29a). This trend is reversed in the more developed sequences 
(Rathbun and teller). In these sequences the better drained 
Figure 29, Comparisons of drainage sequence changes of pH 
versus depth in forest soils 
a. Keomah (somewhat poorly drained), Rushville 
(poorly drained) 
b. Weller (somewhat poorly drained), Beckwith 
(poorly drained) 
c. Rathbun (somewhat poorly drained), 26OX 
(poorly drained) 
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members are distinctly more acid (Figures 29b and c). The B 
horizon of Rathbun and Weller soils has the lowest measureable 
pH of all soils in this study ranging down to a low of 3'7» 
pH differs little within profiles of the prairie soil 
drainage sequences tested in this study (Figures 30b and c). 
Minimum pH values are recorded in the upper B horizon and lower 
A horizon in these profiles. Also little difference in abso­
lute pH values exist between these profiles except the dis­
tinctly more alkaline Taintor and the surface horizon of Otley. 
Transitional soils all have relatively high pH values in 
the A horizon. Little difference in pH is observed between 
soils in transition soil drainage sequences. The three 
transition soil sequences with stage I through III profile 
development have higher minimum pH values than the highly 
developed Kniffin-Appanoose sequence. Poorly drained soils 
within each sequence usually have higher pH values than the 
better drained members of the same sequence. 
In the comparison of four profiles each of Beckwith and 
Weller, Beckwith profiles range in minimum pH from 4.0 to 4.2 
and Weller profiles range from 3*7 to 4.0, indicating more 
acidity in the Weller series. 
Changes and Distribution of Exchangeable Aluminum 
and Acidity in Development Sequences 
A succession of soils with increasing clay content in the 
B horizon has been observed in Iowa loess soils (Hutton, 1947; 
Figure 30. Comparisons of drainage sequence changes of pH 
versus depth in prairie soils 
a. Muscatine (somewhat poorly drained), Garwin 
(poorly drained) 
b. Grundy (somewhat poorly drained), Haig 
(poorly drained) 
c. Seymour (somewhat poorly drained), Edina 
(poorly drained) 
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Hunter, I950). This increasing textural development has been 
more or less formalized by the establishment of sequences of 
soil series that reflect the clay increase. These series are 
used in the study model for the development sequences. Some 
disagreement exists between soil survey personnel on the use 
and validity of these soil series. Among other things, these 
disagreements arise from the fact that the classification 
system presently used in correlating soils has a strong bias 
for some genetic features such as bio- or drainage sequences 
built into it and some other genetic features are ignored. 
During the framing of the classification system, specifically 
selected differentiating criteria were chosen which reflected 
this bias. Use of other criteria such as Ex Al, EA, and pH may 
demonstrate sizeable and, important differences between soils. 
These criteria need to be considered for use in soil classifi­
cation. Using the present classification system, Keomah, 
Weller, and Rathbun, for example, are pigeonholed into the 
same family. Some soil survey personnel believe only one 
series is necessary per family. Other disagrements or prob­
lems concern (1) what are the limits of a soil series; (2) what 
constitutes criteria for soil series differentiation; (3) why 
are some soils series differentiated closely, i.e., Rathbun 
and Weller,and others range widely, i.e., Keswick; (4) is an 
acreage or size limit a valid approach to conceptualizing soil 
series. These additional problems could be the basis for 
further work. 
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The purpose of the following discussion is to compare 
acidity and Sx Al differences in soils in development sequences. 
The primary questions asked are : (1) do significant changes 
occur with increasing profile development, and (2) can the 
measures of Ex Al, EA, and pH be used to substantiate the 
existing soil series? 
Exchangeable aluminum 
In the forested sequences the maximum values of Sx Al 
increase with incireasing profile development. The increase 
is highly systematic and each profile is differentiated from 
the others in the better drained profiles (Figures 31a and b). 
In transition sequences maximum values follow a similar trend 
but the profiles are not well differentiated. In somewhat 
poorly drained transition sequences the stage I through II 
development profiles are nearly equal in both profile dis­
tribution and maximum value of Sx Al (Figure 31c). The most 
developed profile of the sequence (Kniffin) contains a much 
larger amount of Ex Al than the other three less developed 
profiles. Absolute amounts and peak values in poorly drained 
transition soils increase with increasing profile development 
(Figure 31d); however, the increase is small in these 
profiles. 
Figure 32 depicts the influence of drainage on develop­
ment of Ex Al in forest soils, poorly drained soils increase 
in maximum B horizon clay content linearly through all 
Figure 31. Depth versus Sx Al in transition and forest soil 
profile development sequences 
a. Stronghurst (I), Keomah (II), Vveller (III), 
Rathbun (IV) 
b. Traer (I), Rushville (II), Beckwith (III), 
260X (IV) 
c. Atterberry (I), Givin (II), Pershing (III), 
Kniffin (IV) 
d. V/alford (I), Rubio (II), Belinda (III), 
Appanoose (IV) 
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development stages. Better drained soils do not increase in 
pro ri If; Ex A1 in the early stages of development. However, 
at a certain point between stage II and III, Ex A1 amounts 
increase in the soil profile. Using Jenny's equation 
r ^  
 ^equals the slope of the regression line, dF is development 
stage, and c and d are points on the Ex A1 curve. From the 
data from this study and the linear regression model, Jenny's 
equation can be solved providing an index of the relationship 
of development to Ex Al. Essentially no change or zero slope 
in stage I and II for better drained soils implies a null 
effect due to stage of development on Ex Al. The slope changes 
from near 0 to 3 from stage II through IV. Therefore, stage 
of development is an important state factor in influencing 
Ex Al in these soils. In poorly drained soils the slope is 
low and constant throughout the range of development stage in 
this study; therefore, stage of development as a state factor 
can be assumed to be an even steady influence on Ex Al as a 
soil property on these soils. 
One conclusion drawn from the above analysis is that 
Keomah, Weller, and Rathbun are separated in terms of Ex Al 
data and should be separate entities (i.e., soil series) even 
though these soils are classified in the same family. In 
Oschwald et al. (I965) Weller soils were placed in both the 
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Grundy-Haig soil association and in the Seymour-Edina soil 
association. The development of the profiles is greater in 
Seymour-Edina than in Grundy-Haig. Later, recognition v/as 
given to the forest analogue of Seymour in the Wayne County 
soil survey (Lockridge, 1971)• The productivity and acidity 
data as well as the above Ex A1 appear to amply justify this 
separation. 
Exchange acidity 
In general, more EA is found with increasing development 
in forest and transition soils (Figures 33 and 3^ ). The 
prairie soils do not have a systematic increase in acidity 
with development (Figure 33a; Figure 34a). In the somewhat 
poorly drained forest sequence, the two least developed pro­
files are similar in amount and profile distribution of EA, but 
the more developed profiles (Weller and Rathbun) contain 
sizeable amounts more EA (Figure 33c). In the prairie equiva­
lent sequence (Figure 33a) almost all values fall in a narrow 
range that decreases steadily with depth; therefore, no dif­
ferences either in profile distribution or amount of EA are 
due to development. In the related transition soil sequence 
(Figure 33%) the three least developed profiles have similar 
maximum values of EA but differ in profile distribution. The 
depth to maximum EA tends to increase with increasing develop­
ment in these three profiles. The highly developed profile 
in this sequence (Kniffin series) contains a much larger amount 
Figure 33» Depth versus EA in somewhat poorly drained soils 
on development sequences listed in order of in­
creasing development 
a. Prairie soils 
b. Transition soils 
c. Forest soils 
DEPTH (Incho) 
P S. 
o" 
> • : 
DEMH (iQchei) 
-? » 
? 
I 
- ul 
0 D t> O 
DEPTH (Inches) 
1 .  
Ï Î 
Figure 34. Depth, versus EA in poorly drained soils on de­
velopment sequences listed in order of increasing 
development 
a.0 Prairie soils 
b. Transition soils 
c. Forest soils 
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of EA than the other profiles. In the poorly drained forest 
and transition soil sequences the maximum amount of EA occurs 
around 18 inches in all profiles, with the maximum amount 
increasing with increasing profile development. The poorly 
drained prairie soil sequence differs from the others con­
siderably. The second series in the sequence (Taintor) is 
least acid. The Taintor and Garwin progressively decline in 
EA with depth. EA in Haig and Edina series declines little 
with depth in the A and B horizons resulting in an even or 
"bimodal EA distribution. The lower EA peak values appear to 
be an influence of illuvial clay. 
£H 
The pH distribution in p irai rie soils does not always fol­
low the pattern of EA. The plow layer or surface horizon 
usually has a higher pH reading than the rest of the A horizon. 
The minimum pH usually occurs in the A horizon and may continue 
into the upper B horizon. In the Edina profile pH follows 
the typical pattern of most prairie soils but EA distribution 
does not have the usual steady decrease with depth that most 
other profiles (i.e;, Garwin, Mahaska, and Grundy in Figures 
33a and 34a). The Edina is a well developed profile and the 
illuvial clay may have an effect on EA that does not occur in 
other profiles. The pH minima in all profiles but one will 
fall in the pH range of 4.7 to 4.9. The Taintor as mentioned 
earlier in conjunction with Schafer's (1954) work, tends to 
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be more alkaline than associated soils. 
oource and Nature of Acidity and Exchangeable 
Aluminum in Iowa Loess Soils 
This section concerns the relationship of EA, Ex Al, and 
pH with each other and with clay content, total carbon, and 
AP. Source of acidity in the context of this section connotes 
the material and its exchange sites from which hydrogen is 
removed or can be removed. Nature of acidity in the sense 
used here connotes the behavior of the soil in either releasing 
or adsorbing hydrogen and aluminum ions. 
Exchange acidity 
Because amount of EA has high correlation with organic 
matter in prairie soils and with percent clay in forest 
soils, the author concludes that EA develops from two sources; 
organic matter and clay minerals. 
In prairie soils the source of EA is dominantly organic 
matter. To have exchange capacity it is necessary that active 
exchange surfaces exist. In these soils the dominant source 
of CEC in the A horizon is also the organic matter. Organic 
matter additions do not add many bases; thus the increase in 
CEC with few additional bases can create the observed high EA 
in the A horizon. Furtheraore, CEC from organic sources is 
known to be pH dependent (KcLean et al. , 1959} due to weak 
acid bond dissociation which is highly buffered against pK 
change. The lower limit of pH is a consistent 4.? in prairie 
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soils of this study, and at these pH levels little Ex A1 is 
present. It appears that the ultimate soil buffer in these 
soils is organic matter which must be altered or destroyed to 
lower pH. 
Acidity in prairie soils may be aided or induced by high 
nitrogen content. As noted earlier with relation to presence 
of alder and application of fertilizer, nitrogen can strongly 
influence acidity and may be very important in EA development— 
in fact, nitrogen, once in nitric acid form, may release hy­
drogen ions to the soil solution. This relationship was not 
evaluated in this study and is a potential source for further 
endeavors. 
As Shrader (1950) observed, translocation of clay in 
prairie soils lags behind transformation resulting in a heavier 
A horizon than observable in forest soils. This clay may 
further increase the CEC of surface horizons; however, it 
does not appear to be as important as organic matter in terms 
of EA. As Fanning and Jackson (I966) hypothesize, the organic 
matter possibly coats the clays, thus inhibiting the release 
of A1 and decreasing resulting acidity due to the Al. Another 
example of the comparative unimportance of clay in acidity 
development in prairie soils is the complete independence of 
stage of development to either organic matter or EA (Figures 
33a and 34a). 
In forest soils, the EA is due to acidity ions on the 
silicate clay exchange complex. The acidity ions may be either 
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exchangeable hydrogen ions or Ex A1 which, as stated earlier, 
can act as aluminahexahydronium in releasing three exchange­
able hydrogen ions. EA associated with silicate clays is 
largely ionic or more highly dissociated bonding (Jackson, 
1963). The amount of exchange sites (CSC) is a function of 
specific surfaces, i.e., the amount of fine clay and also type 
of clay minerals present. Fine clay is the product of weather­
ing and illuviation, and therefore is textural development of a 
profile. Thus, in forest soils as contrasted to prairie 
soils, as the stage of development increases, the amount of 
CEC and the potential for resulting EA increases. It has 
been observed on acid clay minerals that EA extracted by 
unbuffered neutral salts of strong acids (e.g., KCl).is 
related to Ex A1 (Chernov, 19^ 7; Jenny, 1961b). This type of 
extraction reacts only with ionic bonded elements. Therefore, 
in these clay systems, Ex A1 and EA are assumed to be ionically 
bonded. It follows that there is a bonding difference be­
tween prairie soils which are related to organic matter and 
weak acid bonds, and forest soils which have ionic bonds. 
This difference is a change from organic exchange to inorganic 
exchange. 
White and Riecken (1955) mention root withdrawal and re­
cycling through bases leaf fall or bases. Annual leaf fall 
tends to resaturate the surface horizons with Ca and other 
nutrients present in the leaves. Evidence given for this hy­
pothesis lies in the presence in surface horizons of large 
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amounts of Ca (abundant in plant materials) as compared to Mg 
(not abundant in plant materials). As observed in the present 
study low amounts of EA and Ex A1 occur in A1 horizons in 
forest soils and especially in transition soils. The pro­
gressive decrease of organic matter created by prairie vege­
tation and presence of base resaturation interact to lower 
acidity levels in these profiles. Furthermore, transition 
profiles overall have the lowest amounts of acidity. The role 
of organic matter destruction with a resultant loss in CEC may 
accentuate the low EA amounts, especially if any base resatura-
tion occurs in the surface horizon. For example, in unpub­
lished studies by S.C.S. Soil Survey Laboratory, Lincoln, 
Nebraska, the difference of exchangeable Ca amounts in surface 
horizons in the Rathbun P906 (13*3 meq/100 g), Kniffin P903 
(13.2 meq/100 g), and Seymour P78O (12.7 meq/100 g) profiles 
is only 0,6 meq/100 g. If the base recycling hypothesis is 
valid, base recycling barely keeps pace with the increased 
leaching associated with forest vegetation. The loss of EA 
may be related directly to a loss of surface horizon CEC in 
transition and forest soils. The extraordinary similarity 
in exchangeable Ca in surface horizons of prairie, transition, 
and forest soils indicates to the author that the hypothesis 
of base resaturation by leaf fall may be invalid and requires 
further investigation. 
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Exchangeable aluminum 
Al has a high affinity for 0H~ ions; the pH must be lower 
than 4.5 before the concentration of 0H~ ions is low enough 
to release A1 to trivalent exchangeable forms (Magistad, 
1925)• It is therefore possible that some forest soils in 
early stages of development do not have a low enough pH to 
release A1 from hydroxide forms resulting in low amounts of 
Ex A1 (Figure 31a). In these soils the EA is relatively low 
also. However, once the threshold of 4.5 pH has been reached, 
both Ex A1 and EA increase abruptly (Figures 31 and 33)» This 
same relationship may also hold with biosequences which 
accounts for the observations in Figures I6, 18, and 19. Be­
tween the transition and forest soils some point is reached 
which is the pK threshold and Ex A1 is released. pH is also 
largely a function of internal drainage in a profile because 
drainage regulates the rate of leaching and hydrolysis. In 
early stages of development, the poorly drained forest soils 
have lower pH values than the better drained analogues. 
However, the opposite is true in highly developed forest soils. 
Therefore, the highest amount of Ex A1 and resulting EA occur 
in Rathbun series. 
Relationship of exchange acidity to exchangeable aluminum 
Some controversy exists concerning the status of exchange­
able K and A1 in acid soils. According to some researchers in 
the past. Ex A1 was the only ion on the exchange complex in 
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very acid soils and acidity was due to A1 ions (Jenny, l^ olb). 
However, Yuan (I963) demonstrated that not all EA was related 
to A1 in acid soils. The author believes this is the case in 
the present study. The difference between SA and Ex A1 must 
be accounted for, and the most probable source is directly 
exchangeable H on the exchange complex. In profiles with 
high amounts of organic matter, exchangeable H accounts for 
nearly 100^ 5 of EA. Ex A1 in B horizons of Rathbun series 
had over 50^  clay and less than 0.5^  organic carbon. Only 
trace amounts of Ex A1 occur in the A horizons of these soils. 
The organic matter is over 1^  and clay content is less than 
25^ . In Table 15 data of A and B horizons of Rathbun soils 
are compared. In A horizons with high organic matter only 
trace amounts of the EA is accounted for by Sx Al. In B 
horizons Ex Al accounts for an average of 33^  of EA. 
Relationship of available phosphorus (Bray 1) and exchangeable 
aluminum 
Phosphorus is known to be bound in acid soils in non-
available forms (Black, 1968). Al and Fe, both of which react 
with P in acid soils, have a high affinity for P if these 
cations and P ions occur in solution (Huang and Keller, I972). 
As stated earlier 0H~ ions react with Al above pH 4.5. How­
ever, below this pH, Al is much more soluble and has less 
interference form competing anions such as 0H~ and carboxyl 
groups of organic matter. Therefore, more Al is in the ex­
changeable form ready to react with P. 
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From an examination of Keller soils, two distinctly dif­
ferent patterns of distribution of AP are observable (Figure 
7b). The less acid profiles (I-l and P910) have large con­
centrations of AP in the middle increment of the B2t horizon 
(Figures 7b and d). With an increase in acidity, maximum AP 
occurs lower in the B3 horizon (P909 a.nd I-^ ). Tembhare 
(1973) observed in the clay maximum of a very acid Weller 
profile (P909) that 91^  of inorganic phosphorus in the clay 
maximum is bound to A1 and Fe. This percentage is lower in 
both the A horizon and B horizon below the clay maximum, sug­
gesting that P is freed by weathering to available forms and 
that this reaction will continue until high acidity occurs. 
In acid conditions, P reacts with Fe and A1 to produce other 
unavailable forms of P. The action of root withdrawal of 
AP from the lower A and upper B horizon was not evaluated in 
this study, but the profile distribution suggests root uptake 
and recycling through leaf fall or in prairie soils through 
foliar dieback. In cultivated areas, especially hay, all P is 
not recycled. 
AP creation from bound P forms must proceed to some degree 
before AP is differentiated into horizons. After AP is present, 
plants, leaching, and precipitation into secondary P minerals 
redistributes the P in the upper portions of the soil profile. 
The roots by v/ithdrawal and recycling often recreate high 
amounts in the upper A horizon; and, since small amounts of P 
only are recycled to the lower rooting zone, low amounts in 
Table 
Profil 
no, 
P906 
P905 
S 16 
s 1 
8 2 
S 3 
3 4 
S 5 
S 6 
s 8 
S 9 
S 10 
S 12 
S 14 
Relationship of exchangeable aluminum to exchange acidity in the 
Rathbun series 
A horizon with total carbon over B horizon with total carbon less than 
l$o and clay content under 25fo 0.3^  and clay content over 50?o 
EA Ex A1 EA-Ex A1 EA Ex A1 EA-EX A1 % Ex 
of E 
11.4 .1 11.3 22.3 7.7 14.6 34 
10.4 .1 10.3 26.2 12.3 13.9 47 
4.6 .1 4.5 21.6 7.4 14.2 34 
6,8 - 6.8 22.8 6.8 16.0 30 
6.4 - 6.4 26.4 8.2 18.2 31 
10.4 - 10.4 24.8 6.6 18.2 27 
6.4 - 6.4 26.4 8.0 17.3 30 
5.1 - 5.1 23.9 6.6 16.4 28 
6.1 .1 6.0 26.0 9.6 16.4 37 
4.2 - 4.2 23.2 7.9 15.3 34 
7.2 - 7.2 23.6 7.1 16.5 30 
5.6 .1 5.5 21.6 5.4 16.2 25 
4.7 - 4.7 22.4 5.4 13.3 41 
7.6 - 7.6 25.6 8.0 17.6 31 
6.9 Trace 6.9 24.0 7.9 16.1 33 
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the lower portion of the rooting zone are sustained. Below 
the rooting zone, weathering proceeds to free more P. As 
nothing removes the P (except possibly leaching) AP accumu­
lates. Highly weathered profiles such as P9IO have large 
amounts of AP in the B2t horizon (Figure 7d). However, with 
an increase in acidity the AP forms insoluble and unavailable 
compounds by reacting with A1 and Fe. The maximum AP in such 
cases occurs lower in the profile, such as in the S3 horizon 
where intense acidity has not yet developed. 
The Rathbun profiles are very acid; therefore, these 
profiles develop little AP above the B3 horizon (Figure 7c). 
In Figure 7a-» EA and Ex A1 appear to have an inverse relation­
ship with AP; higher amounts of AP occur in the horizons with 
lower acidity. 
£H 
The pH values observed in this study appear to have two 
aire as of buffering. The first buffer area is pH 4.7 observed 
in prairie soils associated with organic matter or, for that 
matter, in any horizons containing over IS organic matter. The 
second buffering area is pK 3»7 observed in V/eller and Rathbun 
soils in which EA is correlated with alumino-silicates. 
Jackson (I963) indicates that the ultimate buffer of most 
soils is due to aluminum and that pH values below 5«0 cannot 
be maintained without the presence of trivalent Al (alumino-
hexahydronium). Van Breeman and Wielemaker (1974b) mention 
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similar buffer zones for aluminosilicate minerals in acid 
conditions. A1 in these pH ranges is known to accelerate acid 
edge attack on octahedral layers in clay minerals (Jackson, 
i960). This process should increase dispersion and clay 
translocation from the A to B horizon of clay minerals. 
Therefore, EA of the aluminosilicate type may accelerate the 
translocation process. However, in prairie soils the higher 
buffer level due to organic matter lowers the acid edge attack 
and presumably lowers translocation. Also A1 at these higher 
levels of pH tends to be precipitated in place by reacting 
with 0H~ or organic matter (Jackson, 19^ 3; Huang and Keller, 
1972). With forest influence the B horizon often is much lower 
than pH 4.^ . Released A1 from octahedral sites can move to 
exchange sites or be leached out of the soils. As measured 
by Van Breeman and Mielemaker (1974a,b), the buffer levels 
are associated with levels of increased solubility. As 
stated above 3«7I a consistent minimum pH value in V/eller and 
Rathbun series appears to be the lower buffer level. 
Soil Acidity Development in Iowa Loess Soils 
The steps for maximum acidity development are; (1) leach­
ing of carbonates and bases; (2) development by forest influ­
ences of an eluvial horizon lov; in organic matter; and (3) in­
creased textural development with related optimal internal 
drainage. 
The first step in soil acidity development is carbonate 
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leaching. Soils containing carbonates are buffered at pH 
levels around 7.8. As mentioned earlier, infiltration of 
rainfall, dissolved COg in water, and activation of organic 
acids a11 leach carbonates. Once the carbonates are removed, 
leaching of bases lowers the soil pH to the buffer range of 
organic matter and soil clay minerals. In prairie soils the 
minimum observed pH in the profile is pH 4.?. It can be 
assumed, therefore, that some destruction of organic matter 
and increased clay translocation must occur to overcome this 
pH barrier or buffer zone. Restricted drainage may decrease 
the leaching of bases and in fact reverse weathering by 
adding bases to the soil. Evaporation rings of high salt 
content around intermittent ponds of Harps and Harpster soils 
exemplify this reverse weathering process at least in terms 
of acidity. As Schafer (1955) mentioned, the unique situa­
tion of Taintor soils restricts lateral and downward leaching 
prohibiting these soils from becoming more acidic. Coatings of 
organic matter (Fanning and Jackson, I966) or adsorbed organic 
matter on clays (Greenland, 1971) may also restrict leaching 
and translocation. Such actions may also bind A1 in nonex-
changeable forras. Base withdrawal by iroots of trees and re­
cycling of these bases by leaf fall is another form of ire verse 
weathering. Instead of leaching downward, the bases are moved 
upward resaturating the A horizon. Such activity may cause the 
observed hi^  pH values in A horizons of transition soils, 
le.'ching from the 3 horizon in transition soils may be 
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increased because of this upward removaJ.. The E horizons of 
forest soils have bases moving both up and down away from the 
B horizon and A2 horizon which may partially account for the 
low base saturation and high percentage of CEC occupied by 
exchangeable H and A1 (Figure 35)» Eluvial activities such 
as increased leaching also increase other forms of weathering 
and pedogenesis. 
With an increase in forest influence the A2 horizon begins 
to form from an A1 horizon (White and Riecken, 1955)» The 
accompanying loss of organic matter and increased leaching 
under developing forest conditions accelerates clay trans­
location (Shrader, 1950)* Probably hydrolysis and dispersion 
of clay particles are the mechanisms for this process. 
Hydrolysis frees interlayer and octahedral layer cations from 
nonexchangeable sites to either the soil solution or exchange 
positions. Wells and Riecken (I969) observed K, and Protz 
and Riecken (I968) observed Kg moving from nonexchangeable 
to exchangeable forms during weathering. A1 is also freed 
from octahedral positions during weathering but if the pK is 
greater than 4.most A1 is precipitated upon release (Jackson, 
1963). As mentioned earlier, when the pH is lower than 4.5» 
A1 is more soluble and can then move to exchange sites which 
increases SA. Once soils are intensely leached and organic 
matter decreased sufficiently, the soils pK is buffered by A1 
activity (Jackson, 1963; Van Breeman and V/ielemaker, 1974a). 
Figures I6, 19, and 23 are examples of biosequences. With 
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increasing forest influence, the A2 horizon becomes more 
prominent and organic matter becomes less abundant. In all 
cases the B horizon acidity increases and reaches a maximum 
in the forest soils. The A horizon may have been influenced 
by leaf fall. 
Thirdly, acidity is influenced by degree of profile de­
velopment. As mentioned above, Ex A1 increases as a function 
of clay translocation in forest soils, although not in prairie 
soils. Also, alternate wetting and drying of soils maximizes 
leaching and hydrolysis because water is constantly being 
replenished before equilibrium is established between soil 
and solution. At the same time, optimum weathering moisture 
conditions are being maintained. When stage of development is 
low such as in the Fayette drainage sequence, maximum hy­
drolysis occurs in poorly drained soils (i.e., Traer), possibly 
because increased profile water allows hydrolysis to continue, 
but lack of water restricts the better drained analogues. 
With increased textural development of the B horizon, water 
is held more tightly which allows hydrolysis to occur more 
readily in the somewhat poorly drained soils. In poorly 
drained soils the soil water is closer to equilibrium with 
clay minerals, retarding further reactions. As mentioned 
above. Ex A1 is associated with increased clay translocation. 
Optimal hydrolysis shifts from poorly drained to better 
drained soils between stage II and stage III development. 
Figures 31» 32, 33. and 3^  illustrate the increasing acidity 
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with increasing development in forest soils. The increase is 
especially pronounced between development stage II and stage 
III. 
Use of Acidity Measures as Soil Classification Criteria 
EA. Ex Al, and pH should be considered as potentially 
differentiating criteria or as indexes of state factor influ­
ence that can be used to separate soils into classification 
components. Care must be taken in profile selection, however, 
as the addition of lime as an agricultural practice tends to 
create spurious results in the upper 18 inches of a soil 
profile. 
Following is a list of parameters which in the opinion 
of the author have the greatest potential as classification 
criteria; 
1. Maximum profile content of Ex Al. 
2. Lower limit of pH values. 
3. Maximum A horizon and B horizon EA. 
4. Relationship or correlation within the profile of 
EA and Ex Al to either clay or organic matter. 
5. Relationship of pH values in A horizon to B horizon 
in a soil profile. 
6. Ranges of maximum EA and Ex Al in any single land­
scape position. 
These criteria are useable as primary differentiating 
evidences in a classification scheme biased toward native 
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vegetation influences and as good secondary evidences in most 
schemes. The modem classification has such a bias between 
the Mollisol and the Alfisol orders. On a regional scale an 
abrupt change can be observed between these two orders. Hov;-
ever, this abrupt change on a more specific scale such as 4 
inches per mile, which is often used in a standard soil 
survey, is not as abrupt. As pointed out earlier (Figures 8, 
18, and 21) a continuum of progressive changes can be observed. 
On such landscapes acidity criteria can be valuable in defin­
ing, delimiting, and differentiating the components into 
mappable units. 
Evaluating the effect of drainage using the 7th Approxima­
tion is much more difficult with acidity measures. For example 
using the Clinton drainage sequence, the better drained 
Clinton (Udalf) and Keomah (Aqualf) are quite similar in 
acidity properties, but both differ from Rushville (Aqualf). 
Prom the terminology of the system, one would expect greater 
similarity within rather than between classes. This is not 
the case; Keomah is an Ochraqualf and Rushville is an Alba-
qualf, and these are differentiated by morphologic color dif­
ferences, not chemical properties. The Udalf and Aqualf are 
also differentiated by color properties, which again do not 
reflect chemical properties. 
No differentiation above the family level is made for 
profile development; in this study the acidity criteria could 
be used to separate the soils into series groups in forest 
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soils (Alfisols) but not into series groups in prairie soils 
(Mollisols). 
Acidity Ranges in Selected Soil Series 
Rathbun series 
Minimum pH (CaClg ) in the Rathbun series ranges from 4.0 
to 3«7 and occurs in the B horizon and often in the lower A2 
horizon. These soils have very low base saturation levels 
(Figure 35) in . the A2 and contain a large amount of SA in the 
A2 and B2t contrasted with CEC. Ex A1 occurs in comparatively 
large amounts to other soils examined from Iowa. However, 
only trace amounts are commonly found in the A horizon. The 
maximum B horizon EA and Ex A1 ranges are 19.1 to 26.4 meg/ 
100 g, and 5'2 to 12.3 meq/100 g, respectively. B/A clay 
ratios are large, ranging from 2.1 to 2.8 in the 15 Rathbun 
profiles observed in this study. According to Figure 35, with 
exchangeable cations as percentages of CEC plotted against 
depth, the low pH values correspond to maximum percentage of 
Ex A1 on the exchange complex. This appears to be the A2, B1 
and upper increments of the B2t in this series. The lowest 
percentage amounts of exchangeable Ca, exchangeable Mg, and 
AP occur in the horizon with most Ex Al. Probably Ca and Mg 
are leached until increased H attacks the lattice and aids in 
releasing the Al to the exchange sites or at least from the 
octahedral sites. After release, the Al can react with anions 
for which it has a high affinity. The two obvious candidates 
Figure 35» Depth versus percent cation exchange capacity 
for EA, Ex Al, exchangeable Mg, and exchangeable 
Ca in Rathbun profile P905 
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in Rathbun appear to be silicic acid forming silicate clay, 
and phosphorus forming relative insoluble A1 phosphate 
compounds. 
Weller series 
Generally the Weller profiles contain less EA and Ex A1 
than Rathbun, ranging from 15.6 to 23.2 meq/100 g and 3'7 to 
9.0 meq/100 g, respectively. The ranges for B horizon pH is 
3.9 to 4.2 in Weller soils. By definition, the Weller series 
contains less clay than the Rathbun. AP peaks in the B 
horizon at a higher level in the profile than in Rathbun 
(Figure 7d). However, both have low base saturations and 
AP in the A2 horizon, indicating extreme leaching and clay 
destruction or dispersion in this horizon. Since Ex A1 
occupies over 1^  ^of the exchange positions from the A2 
through the B2t horizon in P910 and P909 profiles, destruction 
of the dioctahedral layers in 2:1 clay minerals is strongly 
indicated. As evidence, Lynn in Grossman (1971) reports almost 
no smectite in the A2; the remnants were poorly ordered. Ap­
parently kaolinite was unaffected as it was the remaining 
dominant clay mineral. The relative stability of kaolinite 
and instability of smectite in these acid conditions may 
indicate the direction of weathering and pedogenesis in Iowa 
loess soils. 
The overlapping of ranges observed between Weller and 
Rathbun as mentioned above can partially be explained by land­
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scape position. A taxadjunct or specific unit may be justified 
for nose slope positions to reflect the increased acidity ob­
served in these soils compared to interfluve summit positions. 
However, due to the small acreage and inability to demonstrate 
recognizeable profile morphological characteristics, probably 
landscape position will not be accepted for a regional soil 
survey correlation. The recognition of a nose position on a 
loess covered ridge is easier to accomplish than to probe a 
soil and to evaluate its morphological features, which may 
ultimately have no meaning. 
Influence of Side Slope Beveling on the 
Distribution and Amount of Acidity 
Side slope soils on the Rathbun ridge tend to be slightly 
shallower to maximum clay and EA indicating surface erosion. 
The A horizon usually is heavier and the B horizon lighter in 
texture than the interfluve center. Although pH and EA are 
similar in amounts, more acidity occurs closer to the surface 
on the side slopes which may have some interesting agricul­
tural implications. Ex A1 often is higher in the side slopes 
than in the nearby summit. 
The Weller side slopes profiles (Lucas and V/apello 
counties) are also thinner than nearby upland sites. The 
acidity values usually peak higher in the profile than the clay 
maximum and less clay occurs in the clay maximum. The shoulder 
positions often contain the most Ex Al. 
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In comparing side slope profiles to summit profiles, it 
appears that more rapid external drainage and less development 
time because of side slope beveling inhibit translocation of 
clay. The acidity is well developed, however, and maximum 
amounts occur closer to the surface. Ex A1 often does not 
reach the peak values of magnitude as in summit soils but it 
occurs in fairly large amounts closer to the surface and 
may have a strong effect on plant growth (Figures 12, 13, 14, 
and 15). 
The side slope comparison of the Pershing (I3IB) to a side 
slope variant (73IC) demonstrates the strong influence of 
topography and landscape position on soil profile development. 
Distribution and amount within each of these profiles is quite 
different for nearly every soil property measured (Figure I5). 
Total carbon in the upper B horizon is much more abundant in 
the side slope profile than in the summit profile. This 
indicates some degree of stability in the side slope and tends 
to discount cultivational erosion as a causal factor for the 
observable differences. The lower amount of organic matter 
in the stabler and older sites may indicate that the low 
quantities of profile organic matter associated with deciduous 
trees is related to leaching and clay translocation. 
In the author's opinion a separate soil series is justi­
fied to separate the summit Pershing from the side slope 731C 
soil. The organic carbon and clay distribution indicate strong 
pedological differences. The B/A clay ratio for 731C is 1.20, 
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barely sufficient for an argillic horizon. In many cases, 
the ratio may be even lower, excluding it from classification 
as an argillic horizon. Supporting data also demonstrate 
other outstanding differences; (1) AP differs in amount and 
distribution; (2) greater amounts of carbon in side slopes; 
? 
(3) lower pH in the 3 horizon of IjlB; and (4) Ex A1 and EA 
amounts and distribution evidence striking differences. 
However, such strong side slope differentiation of soils 
was not observed in Weller and Rathbun dominated landscapes. 
The difference between upland summit, shoulder, and backslope 
doubtfully warrants creation of new soil series. 
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SUMT/IARY AND CONCLUSIONS 
Regional Changes on Acidity and Exchangeable Aluminiim 
The most evident changes in both profile distribution 
pattern and absolute amount of the three measures of acidity 
used in this study are observed in biosequences. Biosequences 
are established from the native vegetational influences of 
tall grass prairie, prairie-forest transition, and deciduous 
forest. 
Two distinct profile distributions of SA are apparent. 
In prairie soils large amounts of EA occur in the A horizon 
declining with depth and correlating with the amount of organic 
matter present. In forest soils, comparatively minor amounts 
of EA occur in the A horizon, increasing in the B horizon 
reaching a maximum in the B2t, and correlating with the amount 
of clay. Transition soils are not intermediate between the 
end members in the same biosequence; the A horizon content of 
EA is distinctly lower than in either forest or prairie soils 
and, although correlating with clay, the maximum amount 
seldom exceeds the amount found in prairie soils. In 3 hori­
zons far more EA is observed in forest soils than either 
prairie or transition soils. Deeper in the solum (B3 or C 
horizon) the amounts of EA are low and similar in all biotic 
types ; acidity plays only a small role in pedogenesis at these 
depths. 
Ex A1 is not observable in meaningful amounts in prairie 
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soil or in any horizon with a large amount of organic matter. 
Ex A1 definitely increases within increasing degree of forest 
influence and provides for a sensitive measure of forest 
influence. 
Minimum profile pH values are highest in prairie soils, 
usually ranging from "^ .7 to 5*0, and lowest in forest soils 
with a lower limit of 3«7« Minimum pH usually occurs in lower 
A and upper B horizons in all soils. The pH of A horizons 
usually is higher in transition than in prairie or forest 
soils. The high pH may be caused by base re saturation from 
leaf fall. Some evidence exists, however, which indicates 
that the leaf fall hypothesis may be invalid and that this high 
value of pH is instead caused by oxidation of organic matter 
and resulting in a reduction of exchange capacity. In terms 
of absolute amounts of either Ex A1 or EA, prairie soils and 
transition soils are closely related; in terms of sources of 
the acidity the transition soils are more closely related 
forest soils. 
In prairie and transition soils drainage does not appear 
to be an important factor on Ex Al. However, in forest soils 
with less developed profiles, the poorly drained soils contain 
more Ex Al; in forest soils with more developed profiles, the 
better drained soils contain more Ex Al, This also holds true 
for EA. Increasingly poor drainage tends to decrease EA in 
prairie soils. In transition soils EA does not follow an 
easily discernible pattern. 
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Landscape Differences in Acidity 
and Exchangeable Aliminum 
Shoulder and nose slope positions tend to be more acid 
than the summit positions. Side slope profiles usually have 
less maximum Ex A1 and SA than either shoulder or summit pro­
files; however, the Ex A1, EA, and clay maximum usually occur 
at a shallower depth on side slopes. This increases the poten 
tial for A1 toxicity on acid side slope soils. 
Use of Soil Acidity Measures 
as Classification Criteria 
Use of acidity and Ex A1 measures as potential classifica 
tion criteria is suggested. Application of Jenny's equation 
demonstrates the contribution of biosequence changes on varia­
tion in Ex A1 and EA with high significance. Any classifica­
tion scheme with a bias towards soil forming factors could 
probably use these parameters for measuring biosequence change 
Using acidity measures and distributions of organic matte 
clay and AP, evident differences are noticeable between side 
slope and upland soils. The Pershing side slope is sufficient 
ly different from the upland to warrant separation into a dis­
tinct soil series. 
Sources of Acidity in Iowa Loess Soils 
EA in prairie soils may be due to the weak acid bonding 
of K ions on organic matter exchange sites. In consequence, 
2]4 
a buffer against change in pH is created. In forest soils, EA 
may be almost entirely due to H and A1 ions on permanent charge 
ionic exchange sites associated with clay minerals. The pH 
appears buffered by A1 in these soils. 
If the source of acidity is related to organic matter, 
only exchangeable H will be abundant on the exchange complex, 
and little Ex Al will be present. If the source of acidity 
is related to silicate clay minerals, both Sx Al and exchange­
able H are found on the exchange complex. Before Ex Al is 
abundant in soils, the pH must be below 4.3, organic matter 
content must be low, and development advanced past the early 
stage. The amount of Ex Al present is also aided by optimal 
drainage conditions which maximize hydrolysis. Maximum Ex Al 
is found in somewhat poorly drained highly developed forest 
soils. In Iowa loess regions this niche is filled by the 
Rathbun series. 
Maximum acidity development in Iowa loess soils occurs 
in the following steps: (1) leaching of carbonates and 
bases; (2) development by forest influences of an eluvial 
horizon low in organic matter; (3) increased textural develop­
ment with related optimal internal drainage. 
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APPENDIX I: MAPS OF STUDY SITES AND CLAY CONTENT, TOTAL 
CARBON, pH, EA, Ex Al, AND AP FOR ALL PROFILES 
USED IN THIS STUDY 
Figure 36. Topographie map of the Vi/elier-Pershing transect, 
Wapello County 
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Figure 37» Planimetric maps of landscape study sites 
a. Rathbxan-ridge transect sites, Appanoose County 
b. Weller-ridge transect site, Lucas County 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) ? ME ME PPM 
APPANOOSE SERIES PROFILE NO. P908 
0- 8 21.5 1.48 6.2 7.9 0.0 23 
8-14 26.2 0.68 4.4 9.8 0.7 11 
14-15 32.7 0.64 4.3 11.3 1.6 8 
15-20 59.6 1.00 4.5 17.3 2.3 5 
20-26 54.9 0.84 4.7 13.4 0.3 8 
26-33 45.5 0.34 5.0 8.4 0.0 32 
33-41 38.5 0.18 5.5 7.2 0.0 49 
ATTERBERRY SERIES PROFILE NO. P608 
0- 4 21.1 2.31 6.5 4.3 0.0 26 
4- 7 21.2 2.28 6.3 4.3 0.1 24 
7-11 23.2 1.19 5.2 6.7 0.4 24 
11-15 24.4 1.04 4.6 9.6 0.7 24 
15-19 26.2 0.99 4.5 10.0 0.7 22 
19-24 32.1 0.88 4.5 9.6 1.2 22 
24-29 35.2 0.58 4. 6 8.6 1.1 34 
29-35 35.4 0.43 4.7 8.6 0.9 36 
35-41 31.9 0.37 4.8 7.7 0.5 36 
BECKWITH SERIES PROFILE NO. P421 
0— 6 17.2 2.22 4.6 11.4 0.3 28 
6- 9 17.1 0.61 4.4 6.8 0.7 11 
9-14 17.7 0.42 4.3 6.8 1.1 7 
14-16 30.5 0.34 4.3 10.4 1.9 6 
16-19 49.3 0.42 4.2 15.6 3.5 72 
19-22 52.3 0.41 4.2 15.6 3.5 95 
22-25 51.9 0.33 4.2 14.6 3. 1 23 
25-31 47.9 0.24 4.3 12.0 2.4 38 
31-38 43.2 0.24 4.5 9.4 1.4 47 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
BELINDA SERIES PROFILE NO. P614 
0- 4 18.1 1.72 6.9 3.0 0.1 20 
4- 7 18.2 1.85 6.4 4.0 0.1 18 
7-12 20.8 0.99 4.7 6.2 0.6 13 
12-14 23.9 0.72 4.7 7.2 0.8 6 
14-17 29.8 0.68 4.6 10.4 0.8 8 
17-19 40.0 0.75 4.7 13.0 1.5 8 
19-24 51.0 0.73 4.8 11.6 1.5 44 
24-28 52.4 0.61 4.9 11.2 0.7 30 
28-33 46.2 0.44 5.0 8.0 0.4 22 
33-38 40.3 0.27 5.4 6.2 0.2 22 
EOINA SERIES PROF ILE NO. P223 
0- 6 21.6 1.94 5.1 9.2 0.0 27 
6-10 21.4 1.28 4.7 8.8 0.0 20 
10-15 23.8 1.08 4.7 7.7 0.1 16 
15-19 25.7 1.03 4.7 7.2 0.1 10 
19-24 43.6 0.98 4.7 10.0 0.1 8 
24-29 54.6 0.97 4.8 10.5 0.1 7 
29-34 51.4 0.62 5.1 9.6 0.0 4 
34-40 48.3 0.35 5.5 8.4 0 • c 12 
GARUIN SERIES PROFILE P415 
0- 7 30.7 2.89 5.0 10.4 0.0 11 
7-11 34.6 2.45 4.8 11.6 0.0 21 
11-15 35.4 1.96 4.8 10.8 0.0 18 
15-18 37.0 1.56 4.8 9.2 0.1 12 
18-21 38.5 1.26 4.8 8.8 0.1 10 
21-24 39.4 0.96 4.9 8.4 0.1 7 
24-28 41.0 0.68 5.0 7.6 0.0 10 
28-33 38.5 0.46 5.2 6.0 0.0 20 
33-40 34.8 0.32 5.4 3.6 0.0 19 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
ilVIN SERIES PROFILE P753 
0- 8 19.3 1.67 6.5 3.1 0.0 38 
8-12 23.3 0.91 5.7 5.2 0.0 13 
12-16 28.2 0.63 4.8 8.3 0.6 12 
16-23 35.2 0.57 4.8 9.4 1.5 12 
23-34 38.0 0.45 4.7 10.9 1.1 37 
34-42 35.0 0.34 4.9 8.8 0.8 52 
RUNDY SERIES PROFILE NO. P3 
0- 7 33.5 2.49 4.9 13.0 0.2 32 
7-13 34.9 1.96 4.8 12.0 0.4 24 
13-19 42.9 1.14 4.8 8.6 0.3 11 
19-25 43.5 0.64 5.4 6.6 0.0 12 
25-30 38.1 0.35 5.8 4.8 0.0 11 
30-36 36.7 0.22 6.0 3.4 0.0 10 
36-42 31.5 0.17 6.3 1.9 0.0 12 
lAIG SERIES PROFILE NO. P220 
0- 7 25.4 2.71 5.2 10.9 0.0 30 
7-10 26.4 2=49 4.8 13.0 0.0 25 
10-14 27.1 2.24 4.8 11.6 0.0 20 
14-18 33.2 1.75 4.9 10.4 0. 1 13 
18-22 40.7 1.26 4.8 10.4 0. 1 10 
22-26 49.5 0.90 5.0 10.4 0.0 8 
26-30 49.2 0.63 5.4 8.3 0.0 6 
30-34 44.2 0.50 5.6 6.8 0.0 12 
34-40 42.0 0.36 5.8 4.8 0.0 10 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
KECMAH SERIES PROFILE NO. P613 
0** 7 16.3 1.24 4.9 8.0 0.0 16 
7-10 22.3 0.68 5.0 7.5 0. I 10 
10-12 26.6 0.49 5.0 6.0 0.3 8 
12-16 30.9 0.39 5.0 5.6 0.8 11 
16-18 36.5 0.31 4.9 7.5 1.5 12 
18-21 40.9 0.38 4.8 8.5 1.5 17 
21-24 42.3 0.31 4.7 10.0 1.6 25 
24-30 42.1 0.2 8 4.5 10.4 1.7 37 
30-37 38.2 0.20 4.5 10.0 1.2 50 
37-47 34.6 0.21 4.9 9.6 0.4 40 
KNIFFIN SERIES PROF ILE NO. P903 
0— 6 33.8 3.34 4.6 18.2 0.3 20 
6- 9 37.3 2.07 4.2 18.7 3.0 12 
9-14 42.2 1.52 4.2 18.2 3.2 13 
14-18 50.4 0.95 4.3 14.6 2.7 7 
18-23 43-3 0.53 4.8 9.9 0.4 10 
23-28 36.0 0.22 5.5 6.2 0.3 23 
28-35 32.6 0.14 5.7 4.2 0.0 30 
35-45 32.0 0.11 5.7 5.2 0.0 28 
MAHASKA SERIES PROFILE NO . P715 
0- 8 30.8 2.89 5.0 13.4 0.0 16 
8-13 34.8 2.18 4.7 13.9 0.1 15 
13-17 36.6 1.47 4.7 12.0 0.2 10 
17-23 38.0 1.07 4.8 10.0 0.3 7 
23-30 38.9 0.58 5.0 8.2 0.3 11 
30-35 36.4 0.36 5.3 6.7 0. 1 23 
35-42 33.7 0.21 5.5 5.3 0.1 26 
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DEPTH CLAY %TC PH EA EXAL AP 
( IN) % ME ME PPM 
MUSCATINE SERIES PROFILE NO. P94 
0- 3 31.0 3.67 5.3 10.9 0.0 43 
6- 9 33.9 2.50 4.8 13.0 0.1 28 
12-15 34.2 1.90 4.7 12.5 0.2 18 
18-21 35.2 1.28 4.8 11.4 0.2 11 
24-27 35.0 0.77 4.9 8.8 0.2 10 
30-33 32.7 0.51 5.1 7.8 0.3 32 
36-40 29.7 0.37 5.3 6.2 0.2 36 
PERSHING SERIES PROFILE NO. P911 
0- 8 21.5 1.85 5.4 7.4 0. 1 12 
8-11 22.6 1.01 4.8 8.0 0. 1 9 
11-15 25.7 0-57 4.6 7.6 0.3 8 
15-21 35.5 0.42 4.6 8.6 0.8 6 
21-27 44.3 0.42 4.7 10.0 0.9 15 
27-36 41.9 0.28 4.9 8.3 0.3 41 
36-43 38.0 0.19 5.1 7.1 0.1 36 
RATH BUN SERIES PROFILE NO. P906 
0- 4 20.7 3.24 5.2 11.4 0. 1 11 
4- 7 21.5 1.18 4.1 13.1 0.6 8 
7-13 26.1 0.62 3.8 15.2 4.8 7 
13-17 37.0 0.46 3.8 18.4 7.3 13 
17-25 52.3 0.44 3.7 22.3 7.7 17 
25-31 47.2 0.39 3.8 17.8 4.5 35 
31-36 42.7 0.34 3.9 14.0 3.0 57 
36-40 38.1 0.15 4.4 9.1 1.2 45 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % HE ME PPM 
RATHBUN SERIES PROFILE NO . P905 
0- 4 20.5 2.25 4.9 10.4 0. 1 11 
4-13 26.4 0.46 3.7 15.5 7.2 4 
13-17 36.7 0.38 3.7 19.9 9. 8 4 
17-23 56.7 0.47 3.7 26.2 12.3 5 
23-29 48.8 0=43 3.8 20.0 7.4 9 
29-36 40.4 0.23 4.0 13.0 3.2 20 
36-43 35.9 0.15 4.4 9.3 1.0 29 
RUBIO SERIES PROFILE NO. P610 
0— 6 21.0 1.78 6.4 3.6 0.0 39 
6-10 24.6 1.18 5.2 6.8 0.6 33 
10-13 30.1 0.86 4.9 7.3 1.2 16 
13-15 39.1 0.88 4.9 9.4 1.0 13 
15-18 45.2 0.85 4.8 10.9 0.9 10 
18-20 48.2 0.72 4.8 10.9 0.9 8 
20-26 47.8 0.49 5.0 9.9 0.9 10 
26-32 44.2 0.38 5.1 7.8 0.8 27 
32-38 38.9 0.32 6.2 6.8 0.6 20 
38-45 35.9 0.29 6.4 2.6 0.5 13 
RUSHVILLE SERIES PRCFILE NO . P423 
0— 6 14.1 1.18 5.2 5.7 0.0 14 
6— 8 14.7 1.11 5.2 5.2 0. 1 13 
8-11 17.8 0.43 4.7 4.2 0.3 7 
11-14 23.9 0.30 4.4 7.3 0.8 9 
14-17 38.2 0.24 4.3 11.4 2. 1 14 
17-22 50.3 0.30 4.3 15.1 3.2 27 
22-26 46.6 0.24 4.2 14.6 3.0 44 
26-32 44.4 0.20 4.3 12.5 2.3 59 
32-38 39.8 0.16 4.5 10.4 1.4 74 
38-44 37.8 0.14 4.8 7.8 0.4 59 
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DEPTH CLAY ITC PH EA EXAL AP 
CINJ % ME ME PPM 
SEYMOUR SERIES PROFILE NO. P 780 
0- 6 25.7 2.41 4.9 12.7 0.0 16 
6- 9 27.9 1.46 4.7 11.3 0.2 11 
9-13 30.1 0.98 4.7 10.1 0.4 10 
13-17 34.6 0.78 4.8 10.6 0.3 8 
17-22 53.4 0.73 4.9 11.6 0.2 9 
22-29 49.1 0.42 5.4 8.7 0. 0 15 
29-35 44.8 0.28 5.7 7.3 0.0 16 
J 5-39 40.5 0.20 6.0 4.3 0.0 13 
STRONGHURST SERIES PROFILE NO. P609 
0— 4 17.1 1.46 6.8 3.1 0.0 16 
4- 7 17.2 1.43 6.4 3.1 0.0 17 
7-11 21-0 0.48 6.2 3.1 0.3 24 
11-15 27.6 0.40 5.6 5.7 0. 3 24 
15-18 33.9 0.33 4.6 9.4 1.1 25 
18-22 38.7 0.32 4.5 9.9 1.8 25 
22-25 38.2 0.30 4.6 11.4 2.2 31 
25-29 36.5 0.31 4.7 10.9 1.4 38 
29-33 35.0 0.30 4.7 10.4 1.2 39 
33-38 32.9 0.27 4.8 8.8 1. 1 50 
38-45 31.8 0.23 5.1 7.2 0.3 40 
TAINTOR SERIES PROFILE NO. S61-IA-54-3 
0- 6 36.6 3.57 6.0 8.8 0.0 19 
6-12 41.1 2.72 5.1 6.2 0.0 14 
12-17 42.8 1.14 5.4 5.2 0.0 7 
17-22 42.8 0.67 5.6 5.7 0.0 7 
22-28 41.1 0.46 5.9 4.2 0.0 3 
28-34 35.9 0.26 6.2 4.2 0.0 7 
34-40 34.7 0.21 6.8 2.6 0.0 8 
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DEPTH CLAY XTC PH EA EXAL AP 
(INI % ME ME PPM 
TRAER SERIES PROF ILE NO. P422 
0- 7 18.4 1.48 5.9 4.0 0.1 19 
7-10 25.8 0«63 4.6 7.0 1.2 16 
10-13 30.9 0.62 4.4 7.9 2.0 16 
13-19 38.7 0.62 4.4 9.2 2.2 16 
19-23 39.5 0.48 4.6 9.2 1.7 22 
23-29 35.9 0.36 4.9 7.9 0.5 30 
29-35 34.4 0.31 5.3 5.3 0.4 45 
35-41 33.4 0.27 6.5 2.2 0.0 58 
26GX UNIT PROFILE NO. 260X 
0- 4 20.0 1.87 6.9 3.0 0. 1 17 
4- 8 20.0 0.93 5.7 6.2 0.1 5 
8-15 21.0 0.48 4.3 8.8 0.9 5 
15-21 54.0 0.38 4.1 18.2 4.5 4 
21-27 54.0 0.42 4.1 19.2 4. 1 17 
27-32 49.0 0.24 4.4 15.1 2.2 40 
32-40 46.0 0.26 4=7 10.4 0.1 35 
WALFORD SERIES PROFILE NO . P607 
0- 4 18.9 1.66 6.7 2.6 0.0 36 
4- 8 18.5 1.50 6.7 3.1 0.0 18 
3-10 22.7 0.67 5.9 3.6 0.1 8 
10-12 24.8 0.52 5.6 4.4 0.3 8 
12-15 30.0 0.45 5.3 5.3 0.3 9 
15-18 36.8 0.43 5.1 7.0 0.3 9 
18-22 40.9 0.37 4.6 10.1 0.5 23 
22-25 38.9 0.33 4.9 8.8 0.2 26 
25-31 38.1 0.31 5.0 9.2 0.2 33 
31-38 36.8 0.29 5.0 7.9 0.0 35 
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DEPTH CLAY %TC PH EA EXAL AP 
(INI % ME ME PPM 
WELLER SERIES PROFILE NO. P910 
0- 7 19.9 1.16 4.6 9.4 0.4 11 
7-12 24.5 0.3C 4.1 10.4 2.8 9 
12-15 31.2 0.27 4.0 13.2 3.9 15 
15-18 37-4 0.24 4.0 15.2 4.9 23 
18-25 47.2 0.20 3.9 18.0 5.8 35 
25-34 43.4 0.12 4.1 17.2 4.2 51 
34-43 39.8 0.11 4.2 12.0 2.2 53 
WELLER SERIES PROFILE NO. P909 
0- 4 19-6 3.04 6.4 6.8 0.0 20 
4- 7 20.6 1.89 4.8 11.0 0.2 18 
7-15 21.8 0-57 3-8 12.6 3.5 15 
15-19 25.9 0.30 3.7 14.1 5.2 7 
19-23 30-6 0.27 3.9 15.8 5.7 13 
23-28 47.5 0.31 3.9 21.4 8.0 21 
28-33 46.6 0.31 4-0 21.7 6.4 27 
33-38 43.7 0.26 4.1 17.4 4.6 35 
38-47 39.9 0.16 4.5 13.5 2.9 51 
RATHBUN SERIES PROFILE NO. S 1 
0— 6 21.9 1.41 6.6 6.8 0.0 10 
6-13 27.1 0.43 4.0 14.6 4.2 6 
13-17 31.8 0.34 4.0 19.2 4.5 6 
17-21 46.8 0.24 4.0 22.8 6.8 4 
21-27 50.9 0.18 4.0 23.2 6. 4 6 
27-33 41.7 0.22 4.1 18.8 2.5 32 
33-40 39.0 0.18 4.4 10.8 1.0 52 
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DEPTH CLAY %TC PH EA EXAL AP 
( IN) % ME ME PPM 
RATHBUN SERIES PRCFILE NO. S 2 
0- 6 21.4 2.16 • 6.4 6.4 0.0 13 
6—12 22.5 0.62 4.3 12.4 1.5 9 
12-16 39.6 0.59 4.0 23.3 6.4 7 
16-21 54.5 0.48 3.9 26.4 8.2 6 
21-27 50.7 0.29 3.9 25.3 8.0 13 
27-33 42.4 0.14 4.0 19.8 4.4 50 
33-39 38.1 0.14 4.1 14.4 2.4 51 
RATHBUN SERIES PRCFILE NO. S 3 
0- 4 22.5 0.98 4.8 10.4 0.0 9 
4- 8 40.0 0.68 4.0 18.4 4.6 8 
8-12 46.5 0.41 3.9 24.8 6.6 7 
12-18 46.5 0.39 3.9 24.4 6.7 6 
18-26 48.0 0.26 3.8 23.2 6.3 11 
26-32 32.8 0.15 4.0 17.8 2.6 7 
RATHBUN SERIES PRCFILE NO. S 4 
0— 5 21.2 1.71 6.3 6.4 0.0 9 
5-11 23.8 0.70 4.3 13.4 0. 1 9 
11-17 32.1 0.33 3.9 17.8 4.2 8 
17-24 53.2 0.3 5 3.9 26.4 8. 0 7 
24-30 48.2 0.33 4.0 22.8 6.4 16 
30-36 38.9 0.30 4.1 15.4 2.4 48 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % HE ME PPM 
RATHBUN SERIES PROFILE NO. S 5 
0- 6 20.0 2.22 6.4 5.1 0.0 13 
6-10 24.0 0.95 4.5 12.2 0.6 12 
10-13 32.9 0.46 4.1 16.4 4.5 7 
13-19 51.8 0.50 4.0 23.9 6.6 7 
19-24 49.3 0.46 3.9 22.0 5.5 7 
24-30 <42.4 0.26 4.1 15.4 3.3 9 
30-36 37.1 0.26 4.2 12.2 1.1 26 
RATHBUN SERIES PROFILE NO. S 6 
0- 5 23.1 1.84 6.1 6.1 0. 1 11 
5-10 26.7 0.65 4.1 14.0 3.6 11 
10-13 <43.2 0.41 3.9 23.4 8.6 7 
13-19 50.8 0.23 3.8 26.0 9.6 5 
19-24 44.4 0.24 3.8 22.0 7.4 12 
24-30 40.3 0.16 3.9 18.7 6.2 22 
30-36 32.9 0.16 4.0 13.6 3.3 16 
RATHBUN SERIES PROFILE S 8 
0- 4 20.4 3.04 7.2 4.2 0.1 14 
4- 8 22.2 1.23 7.0 6.1 0.1 9 
8-12 28.2 0.41 4.2 12.8 2.4 7 
12-19 34.0 0.36 4.0 17.5 5.8 5 
19-24 52.0 0.27 3.9 23.2 7.9 5 
24-30 48.1 0.27 3.9 20.0 5.1 16 
30-36 43.0 0.24 4.1 15.0 3.0 42 
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DEPTH CLAY %TC PH EA EXAL AP 
(INI Z ME ME PPM 
RATHBUN SERIES PROFILE NO. S 9 
0— 6 22.1 1.42 6.2 7.2 0.0 12 
6- 9 24.9 1.04 4.7 10.5 0.0 6 
9-12 34.3 0.42 4.1 14.0 3.4 6 
12-19 38.5 0.40 3.9 19.0 5.0 7 
19-24 52.9 0.21 3.9 23.6 7.1 9 
24-30 45.2 0.19 3.9 20.0 4.8 19 
30-36 39.5 0.18 4.0 15.0 3.3 49 
RATHBUN SERIES PROFILE NO . S10 
0— 6 23.3 2.23 6.7 5.6 0.1 12 
6-12 31.7 0.70 4.7 11.2 0.8 10 
12-18 42.7 0.36 3.9 20.3 4.3 9 
18-24 47.1 0.15 3.9 21.6 5.4 10 
24-30 25.2 0.24 4.0 10.0 2.7 4 
30-36 45.7 0.18 4.1 12.0 2.6 1 
RATHBUN SERIES PROFILE NO. SU 
0- 6 20.1 1.83 6.9 1.0 0.0 7 
6-12 32.0 0.71 4.4 10.4 1.6 5 
12-18 45.6 0.58 4.0 19.2 5.0 3 
18-24 48.0 0.41 4.0 19.2 5.2 11 
24-30 41.0 0.15 4.1 15.6 3.3 32 
30-36 36.2 0.18 4.3 10.0 1.4 35 
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DEPTH CLAY %TC PH EA EXAL AP 
( IN) % ME ME PPM 
RATHBUN SERIES PROFILE NO. S12 
0— 6 20.5 1.16 6.8 4.7 0.1 9 
6-12 30.7 0.39 4.1 16.8 2.8 6 
12-18 43.0 0.32 3.9 22.4 9.1 3 
18-24 49.8 0.29 3.9 22.4 8.2 8 
24-30 43.5 0.24 4.0 16.6 3.2 28 
30^36 37.7 0.18 4.3 8.-8 1.7 35 
RATHBUN SERIES PROF ILE NO. S13 
0— 6 21.0 1.82 6.9 3.1 0.1 8 
6-12 29.5 0.90 4.7 10.0 0,6 6 
12-18 40.3 0.39 4.0 20.0 7.5 4 
18-24 51.3 0.23 3.9 26.4 8.4 9 
24-30 46.1 0.24 3.9 21.6 5.8 17 
30-36 39.7 0.24 4.0 15.6 3.4 47 
36-42 34.7 0.23 4.1 14.0 1.8 52 
RATHBUN SERIES PROFILE NO. S14 
0— 6 21.2 1.25 6.6 7.6 0.0 8 
6-12 23.7 0.44 4.0 19.2 4.8 4 
12-18 45.3 0.25 3.8 25.6 8.0 3 
18-24 49.3 0.17 3.8 26.4 6.8 5 
24-30 40.2 0.08 4.0 20.0 5.2 14 
30-36 37.4 0.14 4.1 16.0 3.6 51 
36-42 29.6 0.12 4.3 13.2 1.5 46 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
RATHBUN SERIES PROFILE NO. S 16 
0- 6 19.1 1.2 G 6.1 4.6 0.1 15 
6-11 25.0 0.2 5 4.2 9.8 2.0 6 
11-17 54.2 0.04 4.1 21.6 7.4 5 
17-22 53.3 0.05 4.2 20.8 6.4 8 
22-30 48.2 0.25 4.3 17.6 4.7 12 
30-36 41.6 0.16 4.4 11.9 2.0 35 
36-42 38.2 0.16 4.8 7.8 0.4 39 
PERSHING SERIES PROFILE NO . 90A1 
O- 6 16.6 1.46 6.9 4.4 0.0 9 
6-11 23.4 0.64 6.0 5.2 0.0 9 
11-14 33.2 0.42 4.5 9.8 0.5 7 
14-21 47.7 0.35 4.5 10.8 0.8 5 
21-25 45.0 0.31 4.6 9.6 0.8 8 
25-30 40.2 0.14 4.9 6.4 0.6 19 
30-35 38.8 0.13 5.4 4.8 0.3 20 
35-40 33.7 0.10 5.8 3.6 0.2 11 
PERSHING LIKE PROFILE NO. 90A3 
0- 8 26.7 1.24 6.3 5.5 0.0 8 
8-12 30.9 0.52 5.4 8.5 0.1 8 
12-17 37.7 0.48 4.3 14.5 1.6 7 
17-21 43.6 0.43 4.3 15.0 1.8 5 
21-27 44.2 0.22 4.4 13.5 1.6 8 
27-33 41.3 0.17 4.7 11.5 0.9 18 
33-39 37.0 0.13 5.2 7.6 0.3 22 
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DEPTH CLAY XIC PH EA EXAL AP 
(IN) % ME ME PPM 
PERSHING LIKE PROFILE NO. 90A4 
0- 7 23.0 1.2 8 6.3 5.2 0.0 7 
7-11 26.2 0.50 5.3 7.2 0.0 5 
11-15 33-4 0.41 4.4 12.4 1.4 5 
15-21 45 .6 0.42 4.3 16.0 2.2 5 
21-25 46.0 0.40 4.4 15.6 1.9 5 
25-32 40.3 0.14 4.7 10.8 0.9 18 
32-40 38.4 0.12 5.6 6.8 0.3 24 
WELLER PERSHING INTERGRADE PROFILE NO. 90A5 
0- 7 21.3 1.68 6.0 6.8 0.0 11 
7-12 23.7 0.58 • 4.7 8.8 0.6 7 
12-16 36.0 0.41 4.2 13.2 2.3 6 
16-20 46.3 0.41 4.3 16.0 3.2 6 
20-26 48.1 0.31 4.4 15.6 2.2 9 
26-32 43.8 0.20 4.7 10.8 1.0 33 
32-38 36.7 0.18 5.3 7.6 0.2 15 
38-44 33.5 0.20 5.7 6.0 0.1 15 
WELLER LIKE PROF ILE NO. 90Â6 
0- 7 24.2 1.33 5.8 5.7 0.1 8 
7-10 28.4 0.52 4.7 7.9 0.5 8 
10-14 38.9 0.32 4.2 12.8 2.2 8 
14-19 45.4 0.20 4.2 15.0 2.5 8 
19-23 43.0 0.20 4.4 11.4 1.9 20 
23-29 36.6 0.04 5.1 6.2 0.4 23 
29-36 32.2 0.02 5.8 4.4 0.2 5 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
WELLER LIKE PROFILE NO. 90A7 
0- 7 29.2 1.18 5.5 8.0 0.2 9 
7-10 28.3 0.73 4.5 10.2 0.9 6 
10-16 37.9 0.50 4.1 14.0 2.4 8 
16-20 45.3 0.34 4.2 15.4 2.7 12 
20-24 43.7 0.22 4.4 12.3 1.6 16 
24-32 38.6 0.15 4.7 8.4 0.5 23 
32-40 37.3 0.12 5.6 4.8 0.2 12 
WELLER SERIES PROF ILE NO. 90A8 
0- 7 24.1 2.14 6.4 6.2 0.1 19 
7-11 30.6 0.90 5.5 8.4 0.1 10 
11-14 37.8 0.50 4.4 13.4 2.4 8 
14-18 44.7 0.35 4.3 15.6 3.7 8 
18-24 42.9 0.27 4.6 13.0 2.0 19 
24-31 34.9 0.10 5.0 8.0 0.6 19 
31-35 31.5 0.12 5.6 5.8 0.1 7 
35-40 36.8 0.11 5.8 4.8 0.2 4 
WELLER SERI ES PROFILE NO . 90A9 
0- 7 23.8 1.32 6.1 4.2 0.0 8 
7-10 28.6 0.50 5.0 6.8 0.3 7 
10-12 35.6 0.43 4.3 15.1 3.4 7 
12-15 38.5 0.27 4.1 16.4 3.7 9 
15-22 42.2 0.26 4.3 15.1 2.5 14 
22-28 36.8 0.01 5.3 5.2 0.2 7 
28-34 35.9 0.01 5.9 2.6 0.1 5 
34-45 29.2 0.04 6.2 2.0 0.0 4 
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DEPTH CLAY *TC PH EA EXAL AP 
UN) % HE ME PPM 
PERSHING SERIES PROFILE NO. 90A11 
0- 6 19.8 1.33 6.5 2.8 0.0 37 
6-12 20.4 0.5 7 6.0 3.6 0.1 8 
12-18 39.7 0.33 4.9 8.4 0.4 7 
18-24 42.9 0.19 4.8 8.8 0.6 18 
24-30 40.8 0.20 5.0 7.6 0.3 30 
30-36 42.4 0.20 5.4 5.6 0.3 33 
HELLER SERIES PROFILE NO, . 9081 
0- 7 28.6 1.57 6.1 4.3 0.1 11 
7-10 36.8 0.43 4.5 9.6 1.0 9 
10-14 42.0 0.37 4.4 14.0 1.3 12 
14-17 46.6 0.46 4.4 12.4 2.0 17 
17-21 45.0 0.33 4.6 10.1 1.5 23 
21-27 41.0 0.26 4.8 8.6 0.8 26 
27-33 38.4 0.16 5.2 5.3 0.2 20 
33-48 34.9 0.10 6.0 2.4 0.2 9 
SIDE SLOPE HELLER PROFILE NO. 90B2 
0- 7 24.8 1.70 5.7 6.2 0.1 8 
7-11 28.4 0.57 4.2 9.7 1.5 6 
11-16 31.6 0.41 4.1 13.6 3.3 4 
16-21 34.4 0.33 4.3 11.6 3.1 4 
21-25 37.0 0.25 - 4.3 11.6 2.4 3 
25-29 37.7 0.20 4.5 8.8 0.9 3 
29-36 32.2 0.08 5.4 4.8 0.2 3 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
PERSHING SERIES PROFILE NO. 1318 
0- 6 IS.8 1.44 6.5 2.8 0. 1 14 
6-10 19.5 0.34 6.1 3.2 0.0 10 
10-14 33.1 0.29 4.7 3.6 0.3 8 
14-19 44.3 0.21 4.3 11.2 1.9 7 
lS-24 48.0 0.16 4.5 12.0 1.8 9 
24-30 43.7 0.16 4.7 9.2 0.4 27 
20-36 41.3 0.08 5.0 6.4 0.0 27 
36-42 34.6 0.08 5.4 5.2 0.0 20 
PERSHING VARIANT PROFILE NO. 731C 
0- 6 39.4 1.17 6.4 6.0 0.0 26 
6-10 47.5 0.86 4.8 9.6 0.7 12 
10-15 41.7 0.42 4.8 8.0 0.6 15 
15-20 38.3 0.38 5.0 6.0 0.2 12 
20-28 34.1 0..39 5.3 4.8 0.2 11 
28-36 33.3 0.24 5.8 2.0 0.0 5 
36-43 26.5 0.20 6.0 2.0 0.0 6 
WELLER SERIES PROFILE NO. I-l 
0- 3 20.0 2.37 4.8 7.9 0.1 11 
3- 9 23.3 0.53 4.1 8.8 1.0 8 
9-15 30.6 0.24 3.8 10.8 3.3 11 
15-21 37.1 0.35 3.8 17.6 4.1 23 
21-27 47 .4 0.25 3.8 20.7 4.7 25 
27-33 44.1 0.27 3.8 18.5 4.5 36 
33-39 39.6 0.15 3.9 15.4 2.9 46 
39-45 37.6 0.18 4.0 11.4 1.6 56 
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DEPTH CLAY %TC PH EA EXAL AP 
(IN) % ME ME PPM 
WELLER SERIES PROFILE NO. 1-2 
0- 4 21.0 2.07 4.9 6.6 0. 1 11 
4- 8 23.0 0.60 4.1 8.4 0.9 5 
8-12 27.2 0.39 3.8 12.2 4. 6 5 
12-16 32.5 0.37 3.8 14.5 3.4 8 
16-20 36.2 0.23 3.8 15.8 3.4 8 
20-24 41.1 0.21 3.6 17.6 3.8 16 
24-28 45.1 0.20 3.8 18.0 3.8 23 
28-32 43.0 0.22 3.9 17.2 3.2 27 
32-36 40.0 0.18 3.9 15.0 2.2 35 
36-40 39.5 0.19 4.0 13.4 2.0 46 
WELLER SERIES PRCFILE NO - 1-4 
0- 3 20.0 2.64 4.5 11.8 0.2 13 
3- 9 21.9 0.52 3.8 11.4 1.2 7 
9-15 32*2 0 «3 2 3.7 18.5 5.2 2 
15-21 42.0 0.26 3.7 22.8 6.6 7 
21-27 47.9 0.24 3.7 23.8 9.0 13 
27-33 43.7 0.24 3.8 19.8 8.6 20 
33-39 39.1 0.18 3.9 15.0 3.4 39 
39-44 35.7 0.18 4.0 12.6 1.8 37 
BECKMITH SERIES PROFILE NO . 1-5 
O- 8 27.3 1.12 5.7 5.3 0.0 11 
8-14 28.6 0.27 4.1 7.9 1.9 8 
14-20 43.3 0.30 4.1 14.5 3.9 20 
20-26 45.6 0.23 4.0 15.8 4.7 41 
26-32 42.6 0.13 4.1 14.0 3.4 50 
32-38 39.1 0.12 4.2 11.0 2.0 50 
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DEPTH CLAY STC PH EA EXAL AP 
{ IN) % ME ME PPM 
HELLER SERIES PROFILE NO. III-l 
0- 4 20.2 1.63 5.0 8.8 0.0 20 
4-10 24.4 0.56 4.4 10.6 1.5 5 
10-16 40.2 0.31 3.9 18.5 3.1 7 
16-22 42-2 0.36 3.8 22.0 4.0 11 
22-28 46.6 0.32 3.7 23.2 4.1 22 
28-34 43.0 0.27 3.8 18.9 3.2 33 
WELLER SERIES PROFILE NO. 111-2 
0— 6 21.3 1.22 3.8 8.8 0.4 5 
6-12 32.2 0.37 3.8 16.2 2.8 3 
12-18 42 «1 0.37 3.8 23.2 5.0 7 
18-24 46.4 0.27 3.8 22.4 5.0 14 
24-30 47.5 0.19 3.8 19.8 4.2 20 
30-36 42.5 0.17 3.9 15.4 2.5 44 
36-42 39.2 0.18 4.0 14.0 1.6 50 
WELLER SERIES PROFILE NO. II1-3 
0— 4 25.9 1.81 4.5 10.0 0.2 20 
4-10 29.7 0.79 3.8 12.2 0.6 10 
10-16 42.9 0.42 4.0 13.0 2.0 3 
16-22 47.1 0.26 4.0 14.5 1.8 17 
22-27 46.1 0.26 4.0 12.6 1.4 22 
27-31 44.4 0.23 4.1 10.0 0.9 22 
31-34 39.5 o.ie 4.1 7.9 0.5 9 
273 
DEPTH CLAY ?TC PH EA EXAL AP 
(IN) % ME ME PPM 
UNNAMED PROFILE NO . IV-1 
0— 6 36.0 1.76 5.3 8.8 0.2 28 
6-12 38.5 0.57 4.5 11.8 1.8 30 
12-18 34.1 0.57 4.4 10.0 1.6 19 
18-24 30.1 0.95 4.8 7.6 0.4 21 
24-30 28.6 0.72 4.6 7.6 0.3 20 
PERSHING LIKE PROFILE NO. IV-2 
0- 5 25.0 1.47 6.0 4.4 0.0 13 
5- 9 28.0 0.72 5.4 5.2 0.0 8 
9-15 43.1 0.29 4.3 12.8 2.8 22 
15-21 43.4 0.19 4.2 12.8 3.6 44 
21-27 41.1 0.08 4.2 11.2 2.2 50 
27-33 34.9 0.27 4.3 8.4 2.7 43 
33-39 35.5 0.19 4.5 6.0 1.9 40 
WELLER LIKE PROFILE NO. IV -3 
0- 5 27.3 1.13 5.8 4.4 0. 0 7 
5- a 38.8 0.51 5.3 4.4 0.0 7 
8-14 45.5 0.20 4.3 9.6 1.9 14 
14-20 45 .4 0.20 4.1 14.6 5. 1 17 
20-26 38.8 0.18 4.1 14.4 7.6 30 
26-3 2 37.8 0.14 4.1 12.0 5.7 40 
32-38 36.3 0.09 4.3 10.0 3.1 38 
38-43 34.9 0.09 4.4 7.2 2.0 36 
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DEPTH CLAY STC PH EA EXAL AP 
(IN) % ME ME PPM 
BECKWITH SERIES PROFILE NO. IV-4 
0- 5 24.0 L.2C 6.3 1,6 0.0 10 
5-10 25.6 0.42 6.1 2.0 0.0 5 
10-16 32.9 0.17 4.5 6.4 2.2 5 
16-22 51.8 0.15 4.1 15.2 7.4 11 
22-28 49.4 0.18 4.0 14.4 7.2 22 
28-34 47.6 0.11 4.1 12.4 5.3 30 
34-41 43.3 0.10 4.2 9.6 4.1 28 
BECKWITH SERIES PROFILE NO- IV-5 
0- 6 20.0 1.04 5.8 3.2 0.0 8 
6-11 21.2 0.43 4.6 4.4 0.3 6 
11-18 29.9 0.27 4.1 8.8 2.2 10 
18-26 47.1 0.30 4.1 15.2 7.4 31 
26-34 44.2 0.17 4.2 12.4 5.9 50 
34-42 37.4 0.10 4.4 10.4 2.9 45 
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APPENDIX II; SOIL PROFILE DESCRIPTIONS OF PROFILES FROM 
DETAILED LANDSCAPE STUDIES 
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Rathbun Ridge System 
Sites S 1 through S 16 are located on a north trending 
ridge located in SE^ , NE:|, Sec. 23, T67N, R18W Appanoose 
County, Iowa, 5 mile east on red rock gravel road that is 
border between Missouri and Iowa from the end of Missouri 
State Highway 126. The area is presently a pasture. The 
original forest was cut several yes'.rs ago. The remaining 
shrubbery was bumed and removed in the 1950's by the present 
land owner. Most of the upper portion of the ridge has been 
scarified to help establish a grass sod. A dirt road trends 
down the ridge from the gate. The ridge is narrow with steep 
side slopes. The underlying Yarmouth-Sangamon palesol is a 
"Terrete-till" type in this area. All samples collected by 
J. L. Richardson and B. Tembhare and described by J. L. 
Richardson. 
S 1 Located I60 feet north of the center of the red rock road 
in the center of the ridge summit. The ridge trends due 
north at this point. The summit is nearly flat and 
slightly convex sloping east and west and Ifo north. 
Depth 
Profile (in.) Description 
A 0-6 Dark grayish brown (10YR4/2), pale gray 
 ^ (10YR6/1J dry, silt loam; moderate medium 
suban^ lar blocky structure; friable ; thin 
patchy light gray (10YR7/2) dry silt coat­
ings on faces of peds; abrupt smooth 
boundary. 
Ag 6-13 Yellowish brown (10YR5/4) silt loam, pale 
brown (IOYR6/3) dry; weak medium platy 
structure; friable ; thin discontinuous light 
gray (10YR7/2) dry silt coatings on faces 
of peds; clear smooth boundary. 
B, 13-21 Yellowish brown (10YR5/4) silty clay; con­
tinuous common light gray (10YR7/2) dry 
silt coatings; strong fine angular blocky 
structure; firm; pH 4.0; abrupt smooth 
boundary. 
®21t 21-27 Dark grayish brown ( 10YR4/2) and brown (lOYR 
5/3) coatings; silty clay; fine abundant dis­
tinct strong brown (7.5^ 5^/6) mottles; 
kneaded color brown (10YR5/3); moderate very 
fine subangular blocky; very firm; thick 
continuous clay films; clear smooth boundary. 
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27-33 Dark grayish brown (10YR4/2) silty clay, 
"brown (10YR5/3) kneaded; common fine faint 
strong brown (7.5YR5/6) and dark brown (10 
YR4/4J mottles; weak fine subangular blocky 
structure; very firm; thick continuous clay 
films ; clear smooth boundary. 
B-.. 33-40 Mottled grayish brown (2.5Y5/2) and yellow-
 ^ ish brown (10YR5/4) silty clay, brown (lOYR 
5/3) kneaded; few hard black (5R2/1) man­
ganese concretions; few faint dark brown 
(10YR4/4) and strong brown (7«5YR5/6) mot­
tles; weak medium subangular blocky struc­
ture; firm; thin discontinuous clay films 
(Paleosol depth 76 inches and profile 
probably in the deoxidized and leached 
loess weathering zone). 
S 2 Located 35 feet east and downslope from S 4. East aspect 
shoulder position and 3*5/^  slope. 
Ap-, 0-7 Very dark grayish brown (10YR3/2) kneaded, 
light gray (10YR6/1) dry, silt loam; weak 
thin platy structure ; friable; clear smooth 
boundary. 
A22 7-11 Yellowish brown (10YR5/^ ) kneaded, silt 
loam; moderate thin medium platy structure; 
friable; clear smooth boundary. 
B^  II-I5 Brown (10YR5/3) kneaded and light gray (10 
YR7/2) dry silt coatings, silty clay loam; 
strong very fine and fine angular structure; 
abrupt smooth boundary. 
15-21 Brown (10YR5/3) kneaded, silty clay; moder­
ate fine subangular blocky structure; abun­
dant faint to distinct strong bomw (7.5YR 
5/6); firm; gradual smooth boundary. 
Bo+ 21-27 Mottled light brownish gray (2.5YR6/2) 
and strong brown ( ? .  6 )  silty clay, 
brown (10YR5/3) kneaded; weak medium sub-
angular blocky structure; firm. 
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S 3 Located 35 feet further down slope and east from S 2. 
The position is an east aspect straight sloped backslope 
with a 13^  slope. Pedisediment was found at depths rang­
ing from 26 to 44 inches and the paleosol was found at 
44 inches. This site has involutions below 2 feet. 
A, 0-4 Brown (10YR4/3) kneaded, silt loam; weak 
very tMn platy structure; friable ; abrupt 
smooth boundary. 
Ap 4-8 Dark yellowish brown (10YR4/4) kneaded, 
silty clay loam; weak thin platy structure; 
friable; abrupt smooth boundary. 
B, 8-12 Brown (10YR4/3) kneaded, silty clay loam; 
strong fine subangular blocky to angular 
blocky structure; firm; abrupt smooth 
boundary. 
Bpit 12-18 Mottled light brownish gray (2.5Y6/2) and 
strong brown (7.5YR5/6) silty clay; weak to 
moderate fine suban^ lar blocky structure; 
firm; pH 3*9; clear smooth boundary. 
®22t 18-26 Mottled light brownish gray ( 2 .  $ Y 6 / 2 )  and 
strong brown (7.5YR5/6) silty clay; weak 
fine subangular blocky structure; abrupt 
wavy boundary (involuted contact with pedi­
sediment). 
S 4 Located in the center of the ridge 140 feet down the sum­
mit from S 1. The slope is 2fo east and weat and 1^  down 
ridge. This site is the convex summit between two side 
slope transects (sites 2 and 3 east apsect and sites S 5 
and S 6 west aspect). 
A^  0-5 Very dark grayish brown (10YK3/2) kneaded, 
silt loam, thin light gray coatings (lOYR 
7/2) dry on ped faces; weak very thin platy 
structure; friable ; abrupt smooth boundary. 
Ag 5-11 Brown (10YR5/3) to yellowish brown C10YR5/4) 
silt loam, silty thin discontinuous light 
gray (10YH7/2) dry coatings; moderate thin 
platy structure; friable ; few dark grayish 
brown (10YR4/2) patches; clear smooth boun­
dary. 
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B. 11-17 Yellowish "brown (10YR5/4) silty clay loam, 
pale brown (10yR6/3) dry; strong fine angu­
lar structure; friable ; abrupt smooth 
boundary. 
Bp-, . 17-24 Dark grayish brown (10YR4/2) heavy silty 
clay; few faint dark yellowish birown (lOYR 
k/k) and strong brown (7. 5YR^ /6) mottles; 
moderate very fine subangular blocky struc­
ture; very firm; clear smooth boundary. 
®22t 24-30 Dark grayish brown (10YR4/2) silty clay; 
many fine faint dark yellowish brown (lOYR 
4/4) and strong brown (7.5YR5/6) mottles; 
moderate to weak very fine subangular blocky 
structure; firm; gradual smooth boundary. 
B^ . 3O-36 Mottled light brownish gray (2.pr5/2) and 
 ^ strong brown (7.5YR5/6) heavy silty clay 
loam; weak medium subangular blocky struc­
ture; firm; (Paleosol at 73 inches). 
S 5 A convex shoulder position with west aspect and a 6% 
slope. S 5 is located 50 feet due west of site 4. 
A 0-6 Very dark grayish brown (10YR3/2) kneaded, 
 ^ silt loam; moderate medium subangular blocky 
structure breaking to weak thin platy struc­
ture; friable; abrupt smooth boundary. 
Ag 6-10 Brovm (10YR4/3) kneaded, silt loam; weak 
thin platy structure; friable; clear smooth 
boundary. 
B^  IO-I3 Yellowish brown (10YR5/4) silty clay loam, 
pale brown (10YR6/3) dry; strong fine angu­
lar structure; firm; abrupt smooth boundary. 
2^t 13-24 Yellowish brown (IOYR6/3) interiors and 
grayish brown (2.5Y5/2) exteriors, silty 
clay; weak fine subangular blocky structure; 
very firm; gradual smooth boundary. 
Bc+ 24-41 Mottled grayish brown (2.5Y5/2) and yellow-
ish brown (10YR5/4) heavy silty clay loam; 
weak medium subangular blocky structure; 
firm. 
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S 6 Located 60 feet west and downslope from site $ on a 
west aspect straight slope. Paleosol is found at a 46-
inch depth. 
Ap 0-10 Brown (10YR5/3) kneaded, silt loam, pale 
brown (10YR6/3) dry; weak thin platy struc­
ture; friable ; clear smooth "boundary. 
3. 10-13 Yellowish brown (10YR5/4) kneaded, silty 
clay loam; strong very fine to fine sub-
angular blocky structure; firm; abrupt 
smooth boundary. 
Bp., 13-19 Yellowish brown (10YR5/3) interiors and 
dark grayish brown (10YR4/2) exteriors, 
heavy silty clay; moderate fine subangular 
blocky structure ; very firm; clear smooth 
boundary. 
2^2t 19-30 Dark grayish brown (10YR4/2) light silty 
clay; common faint dark yellowish brown 
(10YR4/4) and strong brown (?.5^ R5/6) 
mottles; weak medium subangular blocky 
structure; firm; gradual smooth boundary. 
B_. 30-36 Mottled grayish brown (2.5Y5/2) and strong 
brown (7.5YR5/6) silty clay loam; weak 
medium subangular blocky structure; firm. 
SB Is 100 feet further down the principal ridge from S 4 
in a slight concave depression at beginning of three 
small drainageways. The site is poorly drained but the 
area is far too small to be mapped. 
A 0-4 Dark grayish brown (10YR4/2) silt loam; 
 ^ light brownish gray (10YR6/2) dry; weak very 
thin platy parting to very fine granular 
structure; friable ; clear smooth boundary. 
Ag 4-12 Light brownish gray (10YR6/2) silt loam; 
moderate fine platy structure; friable ; 
clear smooth boundary. 
Bt 12-19 Brown (10YR5/3) silty clay loam; few fine 
distinct strong brown (7.5YR5/6) mottles; 
strong very fine subangular blocky struc­
ture; friable; abrupt smooth boundary. 
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B-p. 19-30 Dark grayish "brown (2.5YW2) silty clay; 
common fine "brown (10YR4/3) and yellowish 
brown (10YR5/6) mottles; strong medium sub-
angular blocky structure; very firm; thick 
nearly continuous clay films on pads. 
S 9 Is located in a cove 65 feet downslope and northwest 
from S 8. The site is head of a drain in a slightly 
concave position with a 8.5?° slope. 
A, 0-4 Very dark gray (10YR3/1) silt loam; weak 
very fine granular; friable; abrupt smooth 
boundary. 
Ap 4-12 Dark grayish brown (10YR4/2) grading with 
depth to brown (10YR5/3) silt loam; moder­
ate fine platy structure; friable; clear 
smooth boundary. 
B-, 12-19 Yellowish brown (10YR5/4) light gray (lOYR 
7/2) dry, silty clay loam; strong very fine 
subangular blocky to angular blocky struc­
ture; firm; abrupt smooth boundary. 
Bp. 19-30 Dark grayish brown (10YR4/2) silty clay; 
few fine faint strong brown ( 7 • 5YR5/6 ) 
mottles; weak medium subangular blocky 
structure; very firm. 
S 10 Is located in the same drain and approximately 30 feet 
below S 9. The slope is 14^  at the site. Pedisediment 
is located at 24 inches and paleosol is at 33 inches. 
A, 0-4 "Very dark gray (10YR3/1) silt loam, light 
gray (10YR6/1; dry; moderate thin platy 
structure; friable ; thin patchy light gray 
(10YR7/1) dry silt coatings on faces of 
peds; abrupt smooth boundary. 
Ap 4-9 Brown (10YR5/3) light silty clay loam, pale 
brown (10YR6/3) dry; moderate thin platy 
structure; friable; clear smooth boundary. 
B^  9-12 Yellowish brown (10YR5/4) and brown (lOYR 
5/3) coatings on peds; light silty clay; 
strong fine and very fine angular blocky 
structure; firm; abrupt smooth boundary. 
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Bp. 12-24 Dark grayish brown (10YR4/2) silty clay; 
common fine faint strong brown (7.5YR5/6) 
mottles; weak fine subangular blocky struc­
ture; very firm; thick continuous clay films; 
abrupt smooth boundary with the underlying 
pedisediment. 
S 11 through S 14 
Represent a nose slope transect on the end of the loess 
covered portion of the ridge. S 11 is the convex summit 
of the nose 100 feet northeast of site 8. The other 
sites lie 50 feet apart down the straight sloped nose 
from S 11. S 11 has a 3.5^  slope; S 12 has a 50 slope; 
S 13 has a 5^  slope; and S 14 has a 6.5^  slops. 
S 11 
A 0-6 Dark grayish brown (10YR4/2) silt loam, 
P light gray (1CYR6/1) d^ ; moderate medium 
subangular blocky parting to weak thin 
platy structure; friable ; abrupt smooth 
boundary. 
Ap 6-10 Yellowish brown (10YR5/^ ) silty clay loam; 
pale brown (IOYR6/3) dry; weak coarse platy 
parting to weak fine suban^ lar blocky 
structure; friable ; thin discontinuous light 
gray (10YR7/2) dry silt coatings on faces 
of peds; clear- smooth boundary. 
B. 10-14 Yellowish brown (10YR5/4) silty clay loam; 
strong fine and very fine angular blocky 
structure; friable; abrupt smooth boundary. 
®21t 1^ -24 Dark grayish brov/n (10YR4/2) silty clay, 
brown (10YR5/3) kneaded; common fine faint 
yellowish brxjwn (10YR4/4) mottles; weak fine 
subangular blocky structure; very firm; 
thick continuous clay films; graduate smooth 
boundary. 
Bpp-t- 24-36 Kottled grayish brown (2.5YR5/2) and strong 
brown (7.5YR5/6) heavy silty clay loam, 
yellowish brown (10YR5/^ ) kneaded; weak 
medium subangular blocky structure; firm; 
thin discontinuous clay films. 
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S 12 
A-, 0-3 Very dark gray (10YR3/1) silt loam; weak 
thin platy structure; friable ; abrupt 
smooth boundary. 
Ap 3-9 Brown (10YR5/3) silt loam, pale brown (lOYR 
6/3) dry; moderate thin platy structure; 
friable; clear smooth boundary. 
B, 9-15 Yellowish brown (10YR5/^ ) silty clay loam; 
strong fine angular blocky structure; 
friable; abrupt smooth boundary. 
B2+ 15-28 Dark grayish brovm (10YR4/2) silty clay; 
faintly mottled; weak medium subangular 
blocky structure ; gradual smooth boundary 
with underlying horizon. (Pedisediment at 
46-inch depth). 
S 13 
A 0-6 Mixed brown (10YR5/3) and very dark gray 
 ^ (10YR3/1) silt loam; weak medium granular 
structure; friable ; abrupt smooth boundary. 
Ap 6-10 Yellowish brown (10YR5/4) heavy silt loam; 
weak medium platy structure; friable; clear 
smooth boundary. 
B^  10-18 Yellowish brown (10YR5/4) silty clay loam; 
strong very fine angular blocky structure ; 
firm; abrupt smooth boundary. 
Bg^  18-30 Dark grayish brown (10YR4/2) kneaded, heavy 
silty clay; weak medium subangular blocky 
structure; very firm; gradual smooth 
boundary with B^  horizon. 
(B^  horizon is atypically thick. Pedisedi­
ment was located at 4^  inches and a carbon 
bearing basal Wisconsin loess occurs from 
58 to 60 inches depth. An A2 of a red 
paleosol occurs at 63 inches and the B 
horizon at 73 inches.) 
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S 14 
Dark grayish "brown (10YR4/2) silt loam; weak 
fine granular; friable; abrupt smooth 
boundary. 
Dark grayish brown (10YR4/2) heavy silt 
loam; moderate thin platy structure; fri­
able; abrupt smooth boundary. 
Yellowish brown (10YR5/4) heavy: silt loam; 
weak medium granular structure; friable ; 
abrupt smooth boundary. 
Yellowish brown (10YR5/4) silty clay loam; 
strong fine angular blocky; firm; abrupt 
smooth boundary. 
Mottled grayish brown (2.5Y5/2) and strong 
brown (7.5YR5/6) silty clay; moderate medi­
um subangular blocky; very firm; gradual 
smooth boundary. 
Mottled light brownish bray (2.5Y6/2) and 
strong brovm (7.5YR^ /6) silty clay loam; 
v/eak medium prismatic structure; firm; de­
oxidized and leached weathering zone; abun­
dant black (5YR2/1) manganese concretions; 
(pedisediment at 50 inches). 
S 16 Located I50 feet south of the center of the red rock 
road and 310 feet south of S 1. The site is the con-
confluence of the ridge used in this study and a broad 
upland flat. The site has a slope down the ridge 
and no apparent slope to the slides. This site is close 
to some obviously poorly drained soils on the upland 
flat. 
Ap 0-6 
Ag 6-11 
521t 11-16 
A^  0-3 
Ag 3-7 
AB 7-9 
Bi 9-15 
®2t 15-30 
33^  30-50 
Dark brown (10YR3/2) silt loam; weak medium 
granular; friable ; abrupt smooth boundary. 
Pale brovm (IOYR6/3) silt loam; moderate 
thin platy structure; friable; smooth 
boundary. 
Brown (10YR5/3) silty clay; strong fine 
subangular blocky structure; fim; few faint 
strong brown (7.5YR5/6) mottles; abrupt 
smooth boundary. 
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16-22 Dark yellowish brown (10YR4/4) silty clay, 
' brown (10YR5/3) coating on faces of peds; 
strong fine angular blocky structure; very 
firm; clear smooth boundary. 
Bpo-t 22-30 Yellowish brown (10YR5/4) silty clay; 
moderate fine angular blocky structure; 
firm. 
Transect 1 ,  Lucas County 
Transect I is the principal transect of the Weller site 
study in Lucas County. This transect trends south through a 
thin stand of oak-hickory trees from a pasture. Across the 
road to the north is a state owned forest of virgin timber. 
This type of vegetation must have covered the whole area in­
volved in the Weller study in this county. The transect fol­
lows an interfluve from the stable flat upland divide down a 
narrow upland interfluve summit and to the nose of the inter­
fluve. The site that best represents the flat upland divide 
is site 1-5 which is located in an orchardgrass field. The 
slope is less than Vfo and the site is obviously poorly drained. 
The sites that best represent the stable summit positions on 
the narrow interfluve are P910 and I-l. Site 1-2 appears to 
be more poorly drained than the other two sites in this portion 
of the ridge. Site 1-3 was located near the county road which 
had been graveled with limestone and was discarded. P910 is a 
convex 3^  slope in the center of the interfluve and site I-l is 
nearer the divide but not directly in the center of the inter­
fluve and slopes about 2^ . The nose slope is represented by 
profile 1-4. This site is on a narrow convex-nose of the 
principal interfluve. This site has 5^  convex-shaped slopes 
in three directions. Profile 1-5 is located 50 feet west and 
100 feet north of the southeast comer of SV/4, SV/-4, sec. 4, 
T72N, H20W. Profile I-l is located 75 feet west and 3OO feet 
south of the northeast comer of NV/t, sec. 9, T72N, H20W. 
Profile 1-4 is 550 feet south and 125 west of the northeast 
comer of IWi, KWt, sec. 9. T72N, R20W. All profiles labeled 
with Roman numerals were collected and described by J, L. 
Richardson. 
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I-l 
Depth 
Profile (in.) Description 
An 0-3 Dark grayish brown (lOYR^ /2) silt loam; 
weak fine granular structure; friable; 
abrupt smooth boundary. 
Apn 3-9 • Brown (10YR4/3); silt loam; moderate medium 
platy structure; friable ; discontinuous 
but common grayish brown (10yR5/2) coatings 
on plates; clear smooth boundary. 
A22 9-15 Brown (10YR5/3) silt loam; moderate medium 
platy grading into weak fine sub angular 
blocky structure; discontinuous grayish 
brown (10YR5/2) coatings on peds; clear 
smooth boundary. 
E, 15-21 Yellowish brov/n (10YR5/4) heavy silty clay 
loam, faces of peds grayish brown (10YR5/2); 
moderate very fine subangular blocky and 
angular blocky structure; firm; nearly con­
tinuous light gray (10YR7/1) dry silt coat­
ings on faces of peds; abrupt smooth 
boundary. 
Bp-,^  21-28 Yellowish brown (10YR5/4) silty clay, faces 
of peds grayish brown (10YR5/2); few fine 
distinct grayish brown (2.5Y5/2) mottles; 
moderate very fine and fine subangular and 
angular blocky structure; very firm; con­
tinuous thick clay films; gradual smooth 
boundary. 
®22t 28-33 Yellowish brov/n (10YR5/^ ) silty clay, dis­
continuous but common grayish brown (lOYR 
5/2) coatings on faces of peds; few fine 
faint distinct grayish brovm (2.5Y5/2) 
mottles; weak fine subangular blocky struc­
ture; very firm; continuous clay films; 
gradual smooth boundary. 
B-3. 33-^ 5 Mottled yellowish brown (10YR5/6) and 
grayish brown (2.5Y5/2) light silty clay; 
v/eak medium subangular blocky structure; 
firm; discontinuous clay films; common 
prominent fine soft dark reddish brown 
(5ÏR2/2) mottles. 
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1-2 
A, 0-4 Black (10YR2/1) silt loam; weak fine sub-
angular blocky structure; friable ; abrupt 
smooth boundary. 
Ap 4-8 Yellowish brown (10YR5/4) kneaded, silt 
loam; weak thin platy structure; friable; 
clear smooth boundary. 
AB 8-15 Yellowish brown (10YR5/4) kneaded; light 
silty clay loam; weak to moderate fine sub-
angular blocky structure; friable; clear 
smooth boundary. 
B. 15-20 Yellowish brown (10YR5/4) kneaded, silty 
clay loam; strong very fine angular struc­
ture; firm; abrupt smooth boundary. 
®21t 20-25 Yellowish brown (10YR5/4) kneaded, silty 
clay; moderate fine subangular blocky 
structure; firm; clear smooth boundary. 
2^2+ 25-32 Yellowish brown (10YR5/4) interiors and 
discontinuous grayish brown (10YR5/2) ped 
coatings; light silty clay; weak fine sub-
angular blocky structure; firm; gradual 
smooth boundary. 
B^ . 32-44 Mottled grayish brown (2.5Y5/2) and yellow-
 ^ ish brown (10YR5/6) silty clay loam; few 
fine prominent strong brown (7.5YR5/6) 
mottles; weak medium subangular blocky 
structure; firm. 
1-4 
An 0-3 Dark grayish brown (10YR4/2) silt loam; 
weak thin platy; friable ; abrupt smooth 
boundary. 
Ap 3-9 Brown (10YR5/3) silt loam; moderate thin 
platy; friable; clear smooth boundary. 
B, 9-I5 Yellowish brov/n (10YR5/4) and grayish brown 
(10YR5/2) coatings on ped faces; silty clay 
loam; moderate to strong medium subangular 
blocky structure; firm; abrupt smooth boun­
dary. 
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Bp. 15-27 Colors as in B-, ; silty clay; moderate fine 
subangular blocky structure; firm; gradual 
smooth "boundary. 
27-39 Mottled grayish "brown (2,5Y5/2) and yellow-
ish "brown (10YR5/^ ) silty clay loam; weak 
medium subangular structure. 
1-5 
A 0-8 Very dark gray (10YR3/1) silt loam; weak 
P very thin platy and weak very fine granular 
structure; friable ; abrupt smooth boundary. 
Apn 8-14 Dark gray (10YR4/1) silt loam; moderate 
medium platy structure ; friable; silt coat­
ings on most peds; clear smooth boundary. 
Apo 14-20 Grayish brown (2.5Y5/2) silt loam; weak 
medium platy structure; friable ; silt coat­
ings on faces of peds; clear smooth boundary. 
Bp-, . 20-26 Dark grayish brown (10YR5/2) interiors and 
 ^ very grayish brown (10YR3/2) on faces of 
peds; silty clay; few fine distinct yellow­
ish brown (10YR5/6) mottles; strong fine to 
medium subangular blocky structure; very 
firm; thick discontinuous very dark gray 
(10YR4/2) clay films; clear smooth boundary. 
®22ta: 26-36 Grayish brown (2.5Y5/2) light silty clay; 
 ^ weak medium prismatic parting to moderate 
medium subangular blocky structure; firm; 
gradual smooth boundary. 
B_. 38-43 Grayish brown (2.5Y5/2) heavy silty clay 
loam. 
Transect III. Lucas County 
Transect III is a short side slope transect that trends 
eastward and is roughly perpendicular to transect I. The 
transect ends at the beveled or truncated outcrop of Yarmouth-
Sangamon paleosol (Map 2). The transect is gently convex from 
the center of the interfluve to a point just below profile 
III-l, This portion is a summit upland position. The slope 
then becomes steeply convex and represents the shoulder posi­
tion and includes profile III-2. Just below this profile the 
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dope straightens into a backslope. Profile III-3 is in the 
upper portions of the backslope. The back slope truncates 
the paleosol-loess contact. Apparently the buried paleosol 
surface has some slope. The slope of this surface is less 
than the present surface. The slopes at the sites are as fol­
lows: III-l, 5^ ; III-2, 8^ ; and III-3. 12#\ All profiles are 
mapped as teller. Only profile III-3 would not qualify in the 
Weller series concept. 
III-l 
A^  0-4 Black (10YR2/1) silt loam. 
Ag 4-10 Ve^  dark brown (10YR4/2) silt loam; weak 
thin platy structure. 
B, 10-16 Brown (10YR5/4) heavy silty clay loam; 
strong fine angular blocky structure. 
Bp. 16-28 Brown (10YR5/4) interiors and grayish brown 
(10YR5/2) coatings on ped faces; silty clay; 
moderate very fine subangular blocky struc­
ture. 
Bq. 28-40 Mottled grayish brown (10YR5/2) and strong 
 ^ brown (7.5YR5/6) silty clay loam. 
III-2 
0-1 Black (10YR2/1) silt loam. 
Ap 1-4 Very dark brown (10YR2/2) silt loam; moder­
ate thin platy structure ; friable. 
AB 4-6 Brown (10YR5/3) silt loam; weak thin platy 
parting to weak very fine subangular blocky 
st rue ture; friable. 
3^ + 6-24 Yellowish brown (10YR5/4) interiors and 
grayish brown (10YR5/2) on faces of peds; 
silty clay loam to silty clay; light gray 
(10YR7/1) silt coatings on peds; moderate 
to strong fine angular blocky structure; 
firm. 
B,^  24-36 Mottled grayish brown (2.5Y5/2) and strong 
brown (7.5YR5/6) silty clay; weak medium sub-
angular blocky to massive structure; firm. 
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111-3 
Very dark brown (10YR2/2) silt loam; weak 
thin platy structure; friable; abrupt smooth 
boundary. 
Brown (10YR4/3) interiors and dark grayish 
brown (lOYR^ /2) on ped faces; silt loam; 
weak thin platy breaking to weak very fine 
subangular blocky structure; friable; clear 
smooth boundary. 
Yellowish brown (lOYR^ /4) kneaded; silty 
clay; moderate fine angular blocky struc­
ture; firm; gradual smooth boundary. 
Mottled grayish brown (2.5Y5/2) and yellow­
ish brown (10YR5/6) heavy silty clay loam; 
weak fine subangular blocky structure; firm; 
abrupt smooth boundary. 
Mottled reddish brown (5YR5/3) and yellowish 
red (^ YR4/8) sandy clay; weak fine granular 
to subangular blocky structure ; very firm; 
pedisediment or paleosol. 
Transect IV, Lucas County 
Transect IV is a head of drain transect that trends rough­
ly east-west out of a east flowing drainageway up onto the flat 
upland. The area v;as originally an oak-hickory forest. Pres­
ently the area is a dense orchardgrass hayfield. The drainage-
way has small shurbs of chokecherry and elm. Profiles IV-2 
and IV-3 are somewhat poorly drained and the other profiles 
are poorly drained. The first site of this transect starts 
15 feet east of a spring at the contact of a gray paleosol and 
overlying loess. The spring is approximately 300 feet north 
and ICQ feet west of the southeast comer of SWi, SW4, sec. 4, 
T72N, R20V,-, Lucas County, Iowa. 
cite IV-1 site is in the cove position near the contact 
with the gray colored paleosol and the overlying loess. The 
slope is east aspect and the slope shape is concave. The 
site is on an 11^  slope on the head of a drain above a spring 
perched above the paleosol. A small landslide near this site 
probably was caused by saturation of the loess over the nearly 
impermeable paleosol. When the site v/as sampled, saturation 
prevented the collection of any deep samples. The site is in 
A]_ 0-4 
AB 4-10 
2^t 10-22 
22-27 
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a receiving position for sediment but little evidence was 
observed that any sediment accumulation had occurred. This was 
possibly due to the steep slope at the site. The drainageway 
is presently covered with grass with a few shrubs and small 
trees nearby. No designation of soil series was attempted for 
this profile. Site IV-2 is at the base of the shoulder slope 
and has a straight shape. The site is near the principal 
stream channel that drains the nearby upland. The slope is 
12%. The site was quite moist when sampled but groundwater or 
standing water in the profile was not encountered. When seen 
in the field this site appeared to the author to be a Pershing 
soil. Site IV-3 is somewhat poorly drained and located about 
10 feet south of the channel of the principal drainage of the 
area. The site is in a shoulder-head slope. The 9^  slope 
is straight to gently convex shaped. This site probably 
classifies best to Waller. Site IV-4 is just above the 
shoulder of the upland. The 2f. slope is on a convex gently 
rolling surface. Westward from this site a flat upland extends. 
The site is poorly drained. The profile probably best classi­
fies to Beckwith series. Site IV-5 is located in a flat up­
land with no measureable slope. The site is poorly drained and 
classifies similar to IV-4. 
IV-1 
A, 0-7 Brown (10YR4/3) interiors and common black 
(10YR2/1) coatings on faces of peds; heavy 
silty clay loam; few fine faint grayish 
brown (10YR5/2) and yellowish brown (lOYR 
5/6) mottles; weak medium subangular blocky 
structure; clear smooth boundary. 
Bg 7-18 Dark grayish brown (lOYR^ /2) heavy silty 
clay loam; few fine distinct strong brown 
(7.5YR5/6) mottles; weak fine subangular 
blocky structure; gradual smooth boundary. 
C 18-30 Dark gray (10YR4/1) silty clay loam; few 
coarse prominent reddish brown (2.5YR4-/4) 
mottles; massive; saturated with water. 
IV-2 
A 0-5 Dark grayish brown (10YR4/2) silt loam; weak 
coarse subangular blocky structure; friable ; 
abrupt smooth boundary. 
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A, 5-9 Mottled dark grayish brown (10YR4/2) and 
yellowish brown (10YR5/6) light silty clay 
loam; weak thin platy structure; friable; 
abrupt smooth boundary. 
Bp. 9-21 Yellowish brown (10YR5/^ ) kneaded, silty 
clay; yellowish brown (10YR5/6) interiors 
and grayish brown (10YR5/2) coatings on 
faces of pedG; thick clay films; moderate 
to strong medium angular blocky structure; 
firm; gradual smooth boundary. 
B_ 21-43 Mottled grayish brown (10YR5/2) and yellow-
 ^ ish brown (10YR5/6) silty clay loam; weak 
fine sub angular blocky structure; common 
hard fine very dusky red (2.5YR2/2) man­
ganese concretions; firm. 
IV-3 
A 0-5 Very dark brown (10YR3/2) silt loam; mo de r-
 ^ ate medium subangular blocky breaking to 
weak fine granular structure; friable ; 
abrupt smooth boundary. 
Ap 5-8 Brovm (10YR5/3) with very dark brown (lOYR 
3/2) coatings on faces of peds; silt loam; 
weak fine granular; friable ; clear smooth 
boundary. 
Bn 8-14 Yellowish brown (10YR5/4) silty clay loam; 
weak to moderate fine subangular blocky; 
firm; clear smooth boundary. 
14-32 Mottled grayish brown (10YR5/2) and yellow­
ish brown (10YR5/4) silty clay loam; moder­
ate fine angular blocky structure; clay 
films continuous; firm; gradual smooth 
boundary. 
32-43 Mottled grayish brown (2.5Y5/2) and strong 
brown (?.5YR5/6) silty clay loam; weak medi­
um subangular blocky structure; common 
medium hard very dusky red (2.5YR2/2) man­
ganese concretions. 
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IV-4 
A 0-5 Very dark gray (IOYRVI) mixed with dark 
P grayish brown (10YR4/2) silt loam; weak 
medium granular structure; friable ; abrupt 
smooth boundary. 
Ag 5-10 Grayish brown (10YR5/2) silt loam; moder­
ate fine platy structure; friable; clear 
smooth boundary. 
AB 10-16 Dark grayish brovm (10YR4/2 ) silty clay 
loam; discontinuous grayish brown coats; 
moderate fine subangular blocky structure ; 
firm; abrupt smooth boundary. 
Bp,. 16-28 Dark grayish brown (10YR4/2) silty clay; 
 ^ common fine grayish brown (10YR5/2) and 
strong brovm (7.5YR5/6) mottles; strong 
medium subangular blocky structure; very 
firm; few dark grayish brown (10YR3/2) 
coatings on faces of peds; thick nearly 
continuous clay films; gradual smooth 
boundary. 
2^2tg 28-41 Colors as in B21tg; silty clay; moderate 
IV-5 
medium subangular blocky structure; firm; 
A 0-6 Dark brown (10YR3/2) silt loam; weak medium 
 ^ platy parting to weak fine granular struc­
ture; friable; abrupt smooth boundary. 
Ag 6-11 Grayish brown (10YR5/2) with dark gray (10 
YR4/1) coatings on faces of peds; silt loam; 
weak thin platy structure; friable; clear 
smooth boundary. 
A3 11-18 Colors as in A2; silty clay loam; fev/ fine 
faint yellowish brown (10YR5/6) mottles; 
weak fine subangular blocky structure ; fri­
able; continuous silt coatings; abrupt 
smooth boundary. 
18-42 Dark grayish brown (2.5Y4/2) silty clay; few 
 ^ fine distinct (10YR5/6) mottles; light gray 
(10YR7/2) silt coatings; continuous thick 
clay films; moderate medium subangular 
blocky structure; very firm. 
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90A1 The site was designated by Mr. Dale Lockridge of the 
S.C.S. and Dr. F, F. Riecken of the Iowa State University 
Department of Agronomy as an example of a Pershing silt 
loam. Previously Kr. James Seaholm of the S.C.S. had 
mapped the area which includes this site as Pershing 
silt loam. This site is one of the two key or reference 
sites on the Pershing-Weller transition study. The site 
lies on the convex summit of the principal and north 
trending interfluve examined on this study. The slopes 
are 1.75^  east aspect side slope, 1.25/^  west aspect 
side slope, and 2^  north aspect dovm interfluve slope. 
This site and all sites numbered 90A9 are in a mixed 
grass pasture. The original vegetation has been de­
stroyed or altered. All profiles on the Pershing-Weller 
study were collected by J. Seaholm, C. Kiepe, L. Miller, 
and J. L. Richardson. Profiles 90A1 and 90A8 were de­
scribed by the same people. All other profiles used in 
this study numbered 9OA were described by J. L. Richard­
son. Profiles 13IB and 731C were described by J, 
Seaholm. 
9OAI 
A_ 0-6 Very dark gray (10YR3/1) mixed with very 
dark grayish brovm (10YR3/2) silt loam, 
very dark grayish brovm (10YR3/2) kneaded; 
moderate fine granular structure; friable ; 
abrupt smooth boundary. 
Ap 6-11 Dark grayish brown (10YR4/2) silt loam; 
moderate thin platy structure; friable ; 
clear smooth boundary. 
B, 11-14 Dark grayish brown (10YR4/2) heavy silty 
clay loam, grayish brown (10YR5/2; coatings 
on faces of peds, yellowish brown (10YR5/4) 
kneaded, light grayish brown (10YR6/2) dry; 
few faint very fine yellowish brovm (lOYR 
5/6) mottles; moderate fine and very fine 
subangular blocky structure; firm; few fine 
dark brown (7.5yr3/2) iron segregations; 
clear smooth boundary. 
Bpit 14-21 Dark grayish brovm (10YR4/2) silty clay, 
light grayish brown (10YR6/2) dry silt coat­
ings; moderate fine subangular blocky struc­
ture; fev/ discontinuous dark gray (10YR4/1) 
clay films ; common faint fine yellowish 
brovm (10YR5/6) mottles; firm; common fine 
strong brown (7.5^ 5^/6) iron segregations; 
gradual smooth boundary. 
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Bpy. 21-30 Grayish brown (lOYkj/Z) silty clay, yellow-
ish brov/n (10YR5/4) kneaded; v/eak fine pris­
matic parting to moderate fine to medium 
fjubangular blocky structure; common dis­
tinct fine yellowish brown (10YR5/6) mottles; 
thick discontinuous dark gray (10YR4/1) clay 
films; very firm; gradual smooth boundary. 
Bpq. 30-35 Mottled grayish brown (2.5^ 5/2) and yellow-
 ^ ish brown (10YR5/6) light silty clay, light 
olive brown (2.^ 5/4) kneaded; weak medium 
prismatic parting to moderate medium sub-
angular blocky structure; common fine and 
medium duf iiy red (10YR3/3) iron and man­
ganese concretions; firm; gradual smooth 
boundary. 
3^1t 35-40 Colors like B23+; heavy silty clay loam; 
 ^ moderate medium subangular blocky structure; 
firm; concretions as in 623%: gradual smooth 
boundary. 
®32t 40-59 Colors like light silty clay loam; 
weak medium subangular blocky structure; 
friable ; concretions as in 62^ ;^ gradual 
smooth boundary. 
C 59-72 Mottled light olive gray (5^ 6/2) and strong 
brown (10YR5/6) silty clay loam; massive 
structure ; friable. 
9OA3 The site is in a flat summit position on the narrow 
principal interfluve examined in the Pershing-V.'eller 
transition study. All slopes away from the site are 
less than 1^ . Profile collected by SeahoLm, Kiepe, 
Miller, and Richardson. Description by J. L. Richardson. 
A 0-8 Very dark gray (10YR3/1) silt loam, gray 
(10YR5/1) dry; v;eak fine granular; friable; 
abrupt smooth boundary. 
Ap 8-12 Dark grayish brown (10YR4/2) silt loam, 
light brownish gray (10YR6/2) dry; few fine 
faint mottles of light olive brown (2.5Y 
5/4); weak medium platy breaking to weak 
very fine subangular blocky structure; 
friable ; discontinuous light gray (10YR7/1) 
dry grainy or silty ped coats; clear smooth 
boundary. 
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B-, 12-17 Dark grayish brown (lOY 1(4/2) silty clay loam; 
few fine faint mottles of strong brown (7.5 
YR5/6); strong fine subangular and angular 
blocky structure; firm; abrupt smooth 
boundary. 
®2"'t 17-27 Kottled grayish brown (2.5Y5/2) and strong 
brown (7.5YR5/6) silty clay, very dark gray 
(10YR3/1) coatings on faces of peds; moder­
ate fine subangular blocky structure; very 
firm; continuous dark grayish brown (lOYR 
4/2) clay films; gradual smooth boundary. 
Bpp. 27-33 bottled grayish brown (2.5Y5/2) and yellow­
ish brown (10YR5/6) silty clay loam; weak 
fine subangular blocky structure; fiirm; few 
thin discontinuous dark gray (10YR4/1) 
coatings on vertical ped faces; thin dis­
continuous clay films; gradual smooth 
boundary. 
9OA6 The site is on a relatively flat stable interfluve summit 
position of the principal interfluve examined on the 
Pershing-V/eller transition study. The steepest slope 
away from the site is the 3^  east aspect. The slope dovm 
the interfluve is about and the west aspect side slope 
is less than 1%, 
A 0-7 Very dark grayish brovm (10YR3/2) silt loam; 
 ^ weak moderate platy breaking to weak fine 
granular structure; friable ; abrupt smooth 
boundary. 
Ag 7-10 Yellowish brown (10YR5/4) silt loam; weak 
fine platy structure; friable; clear smooth 
boundary. 
10-14 Yellowish brown (10YR5/4) silty clay loam; 
strong very fine to fine angular blocky 
structure; firm; abrupt smooth boundary. 
2^1t 14-17 Yellowish brown (10YR5/4) interiors and dark 
grayish brown (10YR4/2) ped coatings; silty 
clay; few fine faint yellowish brown (lOYR 
5/6; mottles; weak to moderate fine subangu­
lar blocky structure; very firm; continuous 
clay films; clear smooth boundary. 
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17-29 Yellowish brown (10YR3/4) interiors and 
discontinuous grayish "brown (10YR5/2) ped 
coatings, cilty clay; few fine distinct 
ctrong brovm (7.5Y^ 5/6) mottles; weak fine 
subangular blocky structure; very firm; con­
tinuous clay films; common fine hard very 
dusky red (2.5YR2/2) manganese and iron con­
cretions; gradual smooth boundary. 
3-^  29-39 Kottled grayish bro^ vn (2.5Y5/2) and yellow-
 ^ ish brown (10YR5/6) silty clay loam; few 
fine prominent strong brown (7.5yr5/6) 
mottles; weak medium subangular blocky 
structure; firm. 
9oa8 The site was designated by Kr. Dale Lockridge of the 
3.C.S. and Dr. F. ?. Riecken of the I.S.U. Department of 
Agronomy as an example of a V/eller silt loam. Previously 
Kr. James Seaholm of the S.C.S. had mapped the area 
which includes this site as V/eller silt loam. This site 
is one of the two key sites on the V/eller-Pershing 
transition study. The site is near the convex interfluve 
center of the summit on the principal interfluve examined 
in this study. The side slopes and the down interfluve 
slopes from this particular site are gentle. All slopes 
(east, west, and north aspects) are less than 1.5^ - The 
9OB side slope transect v/as made from this site dovm 
the west aspect slope. 
A 0-7 Dark grayish brown (10YR^ /2)silt loam; mod-
 ^ erate fine granular; friable; abrupt smooth 
boundary. 
Ag 7-11 Yellowish brown (10YR5/^ ) silt loam; weak 
subangular blocky structure; friable ; clear 
smooth boundary. 
B, 11-14 Brown (10YR5/3) silty clay loam; moderate to 
strong very fine to fine subangular blocky 
structure; firm; clear smooth boundary. 
. 14-18 Grayish brown (10YR5/2) silty clay, yellov/-
ish brown (10YR5/4) kneaded; few fine dis­
tinct strong brov/n (7.5YR^ 6) mottles; mod­
erate fine subangular blocky structure; 
thick continuous dark gray (lOYR^ /l) clay 
films; firm; gradual smooth boundary. 
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B, - . 18-24 Grayish brovm (10YR5/2) silty clay, light 
• olivG brown (2.$Y5/4) kneaded; weak fine 
prismatic parting to moderate medium sub-
angular "blocky structure; common fine dis­
tinct yellowish brovm (10YR5/^ ) mottles; 
few fine black (2. 5YK2/0) manganese concre­
tions; thick continuous dark gray (lOYi^ /l) 
clay films; very firm; gradual smooth 
boundary. 
Bp^ t 24-31 Colors like B22t: silty clay; weak fine 
 ^ prismatic parting to moderate medium sub-
angular blocky structure; very firm; mot­
tled as in B22tî common fine and medium red­
dish yellow t7»5YR6/8) iron concretions and 
black CC.5YR2/0) manganese concretions; 
gradual smooth boundary. 
B_., . 31-40 Mottled grayish brown (2.5Y5/2) and strong 
brown (7. _$YB</6) silty clay loam; weak 
medium subangular blocky structure; firm; 
abrupt smooth boundary. 
113,- 40-50 Mottled grayish brown (2.5Y5/2) and strong 
brown (7.5^ 5^/6) silty clay loam; weak medi­
um subangular blocky structure ; pedisedi-
ment; friable. 
lie 50-70 Mottled light gray (10YR6/1) and yellowish 
brown (10YR5/6T silt loam, yellowish brovm 
(10YR5/^ ) kneaded; massive structure; fri­
able; abrupt smooth boundary with underly­
ing reddish paleosol. 
9OA9 Located on the nose and side slope of the interfluve ex­
amined on the Pershing-V.'eller transition study. The site 
is approximately 3OO feet dov/n the interfluve from site 
9OA8. The 3/^  convex north aspect slope is in the side 
slope and the 2^  convex west aspect slope lies in the 
nose slope direction. 
A 0-7 Very dark grayish brown (10YR3/2) silt loam; 
 ^ v;eak cloddy breaking to weak fine subangu­
lar blocky structure; friable; abrupt smooth 
boundary. 
Ag 7-10 Yellowish brov/n (10YR5/4) silt loam.; weak 
thin platy structure; friable; clear smooth 
boundary. 
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10-12 Yellowish brown (10YR5/^ ) silty clay loam; 
strong fine subangular blocky structure; 
firm; abrupt smooth boundary. 
•^ 21+ 12-15 Brovm (10YR5/3) silty clay loam; moderate 
fine subangular blocky structure; firm; 
clear smooth boundary. 
Bpp. 15-22 Kottied dark grayish brown (10YH4/2) and 
yellowish brovm (10YR5/6) silty clay; weak 
medium subangular blocky structure ; firm; 
gradual smooth boundary. 
Bgo^  22-28 Colors as in B22t' heavy silty clay loam; 
weak medium subangular blocky structure; 
common hard distinct black (2.5YR2/0) man­
ganese and iron concretions; firm; abrupt 
smooth boundary. Underlying material is 
pedisediment v/ith a clay loam texture. 
A reddish paleosol is at a depth of 4-5 
inches. 
9OAII This site is an alfalfa hayfield. The site lies near 
the edge of a poorly drained large flat and stable 
loess covered upland. A slight slope of less than 1?% 
inclination extends north from the site. The edge of 
the upland is only about 50 feet northward, however, and 
the slope is quite steep on the beveled side slope. This 
site appears to be transitional from somewhat poorly 
drained to poorly drained. This site is not on the 
principal interfluve of the Weller-Pershing study. 
It is close to the 9OAI site on the upper part of the 
interfluve. 
A 0-6 Dark brovm (10YR3/2) silt loam; weak cloddy 
breaking to weak fine granular structure; 
friable; abrupt smooth boundary. 
A2 6-12 Dark grayish brown (10YR4/2) silt loam, dark 
gray silt coatings on faces of peds; weak 
fine subangular blocky structure ; friable; 
clear smooth boundary. 
Bj 12-16 Dark grayish brovm (10YR4/2) heavy silty 
clay loam; very dark gray (ioyr3/I) coatings 
on faces of peds; moderate fine subangular 
blocky structure ; firm; abrupt smooth 
boundary. 
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16-30 Dark grayish "brown (10Yl*/2) silty clay; 
fev/ faint yellowish brov.n (10YR5/?') ir;ottles; 
very rlark fj^ ray (10YR3/1) coating:^  on faces 
or podc; moderate fine :;ubanf:ular blocky 
structure; firm; clear r;mooth boundary. 
30-42 Kottled grayish brovm (2.5Y5/2) and strong; 
brovm (7.5YR5/6) silty clay; fev; very dark 
gray (ioyr3/I) coatings on vertical faces 
of peds; moderate medium subangular blocky 
structure; firm. 
Profiles I3IB and 731C are located only 50 feet apart. 
I3IB represents a rolling upland summit which appears to be 
quite stable with a 3^  slope. 73ic is on a beveled side slope 
with a $fo slope and may have been subject to hillslope retreat 
and moderate erosion. These profiles are east of the principal 
transect of the Pershing-Weller study. I3IB is a Pershing 
silt loam and 7310 is an unnamed variant. 
Site I3IB 
A 0-8 Very dark gray brown (10YR3/2) silt loam; 
 ^ moderate ver^ r fine to fine granular struc­
ture; friable; abrupt smooth boundary. 
Ap 8-10 Dark grayish brown (10YR4/2) with common 
light gray (10YPi6/l) coatings on peds,- silt 
loam; moderate fine to medium platy struc­
ture; friable; clear smooth boundary. 
B^  10-14 Dark grayish brown (10YR4/2) v/ith common 
light gray (10YR6/1) coatings on peds; 
silty clay loam; few fine distinct yellow­
ish brown (lOYR5/6) mottles; moderate very 
fine to fine subangular blocky structure ; 
friable; clear smooth boundary. 
B22 14-19 Dark grayish brown (10YH4/2) light silty 
clay; common fine distinct yellowish brov/n 
(10YR5/6) mottles; moderate fine to medium 
subangular blocky structure; firm; gradual 
smooth boundary. 
B22 19-23 Colors as above; silty clay; continuous thin 
dark gray (10Yr4/1) clay films; common fine 
strong brown (7.5YR5/6) and black (10YR2/1) 
concretions of Fe and %n; moderate prismatic 
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parting to moderate fine to medium subangu­
lar blocky structure; very firm; gradual 
smooth boundary. 
Bp-3 23-27 Kottled grayish brown (2.5Y5/2) and yellov/-
 ^ ish brown (10YR5/6) with fev; thin discon­
tinuous dark gray (10YR4/1) clay films; silty 
clay; common fine to medium strong brown 
(7.5YR5/6) and black (10YR2/1) Fe and m co 
concretions; moderate medium subangular 
blocky structure; very firm; gradual smooth 
boundary. 
27-32 Colors as above; heavy silty clay loam; Fe 
 ^ and D.ln concretions as above ; weak medium 
subangular blocky structure; firm; gradual 
smooth boundary. 
B-2 32-52 Mottled olive gray (5^ 4/2) and strong brown 
(7.5Y5/6) silty clay loam; weak medium sub-
angular blocky structure; firm; 
Site 731c 
A 0-5 Very dark brown (10YR3/2) silty clay loam; 
 ^ moderate fine granular structure ; firm; 
abrupt smooth boundary. 
322_ 5-8 Dark grayish brown (10YR4/2) light silty 
clay; moderate very fine to fine subangular 
blocky structure; firm; gradual smooth 
boundary. 
2^2 8-12 Dark grayish brown (10YR4-/2) light silty 
clay; common fine faint yellowish brovm 
(10YR5/6) mottles; moderate very fine to 
fine subangular blocky structure ; firm; 
gradual smooth boundary. 
Bpo 12-18 Mottled grayish brown (10YR5/2) and yellow-
 ^ ish brown (10YR5/6 and 10YR5/4) heavy silty 
clay loam; moderate fine to medium subangu­
lar blocky structure; firm; gradual smooth 
boundary. 
Boi 26-32 Kottled light brownish gray (2.5YR6/2) and 
strong brown (7.5YR5/6) silty clay loam; 
weak medium subangular blocky structure; 
friable; gradual smooth boundary. 
C 32-48 I'.'.ottled gray (5Y6/1) and strong brown (7.5 
YR5/6) massive structure; friable. 
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APPENDIX III. CROSS REFERENCE NUMBERS OF PROFILES FROM BOTH 
DEPARTIVÎENT OF AGRONOMY, IOWA STATE UNIVERSITY, 
AND LINCOLN LABORATORY, SOIL CONSERVATION 
SERVICE, U.S.D.A. 
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Conservation Service, U.S.D.A., Lincoln, Mebraska. Below is 
a series of cross references of Lincoln laboratory numbers 
and Soil Survey, Department of Agronomy, Iowa State University, 
Ames, Iowa. The latter numbers were used in this study. 
Soil series I.S.U. profile no. Lincoln Lab. No 
Appanoose P908 s69-Iowa-4-3 
Kniffin p903 s69-Iowa-93-l 
Kniffin P904 S 69~ J- owa——2 
Pershing P911 s69-Iowa-68-2 
Rathbun P905 S69-Iov;a-4-4 
Rathbun P906 369-1owa-93-2 
Seymour P780 s62-lov/a-93-l 
Taintor Sol-Ia-54-3 s6l-Iovva- 54-3 
teller P909 o69-Iov/a-68-l 
V/eller P9IO 069—Iown—59—1 
